




gAA <^-9 liljU. J "Lijldll 4-*_i]all ^aJj-SJI ^jLall <jl U^XJOJJ 

nj l.jJajt Lia9 j JjaC*I j ^)j£l C* lie* jjJa ^ aII <^9 (jJa^slLudJ <jl Ax 

^jj ^ 1 C* lie* jjJa ^a AiLja] ^jJajI 

4_1a \ ia\jm (J£J C ^ iVoj j ^)J^9ll]| j j£j^I (j^all^J <jl A * jJalt 4^<a*l9A ^9 

j JjjaxII^j^-joJIj 4_^. jIIj j <jl j-1^- 4 _xaL^j A 4 iKj Ijj^jLjujI (j^a <JI_^a]| l*Ufc ^_9 V-9^)^ 

(j^a <J_£J jaII j ^AiliJ <jl ^ jJajl Ljj j9J V j 4 4 J-jj .I^Ia / jJjSjJl UillLuoV <jl-9^)xl! j jjAilill 

^ujL9 JJ-aC* / ^ a\1 iA\ \\ j ^ ^ j UjXaj (j^<a 4 c.\ jlUU 4 * jjall Ajl^.I^)a ^9 ^aLuo 

A_juoAigJ ^ i* *\\ ^jAi >Va%) / ^ ^ a\| Ljaj| j ^j| jW AjlaLsu Ajuj^igJl 4 iKj Ac*Luia]| ^jjj^AaII 

-v a /^jLulLujVI 0*14*11 j 

www.elecgate.com jaa 4 U j£ai]b A^jli I j^l j 

La ^jujJ L 4j^a^^ J ^jjx^Vlg a ^^a^J L_jIj£ 1I ILb ^9 AIiaI^jola] 

.Cj U^^Vil l £}*a. ^ *bj$£ll l^-%* <*fc3 j 

<jl j IYiIvajj'n (jl^_iA ^9 A \x 'N j <jl J A^_^ L^alLi. (^Ja*JI Lia cJ^ijj ^jl (_3^. j 4A]| (JLoij 

. 5 ^* ^ £&y j cr?J^' o^j^' u* & ^ ^ ^ 


luLl 


((( 



1 


Eng_abdelmonem shaban 


Contents of_distnbution book 

Chi: AutoCAD 

'> Basic AutoCAD Commands 

Ch2: indoor Lighting 

'> Luminaire Selection ( From Catalogue) 

'> Distribution of Luminaire ( Manual & Dialux program ) 
Ch3: Sockets (Power) 

'> Types of sockets. 

'> Distribution of sockets. 

Ch4: Panel Boards 

'> Construction of panel board. 

'r- How to draw the Panel Board (S.L.D). 
y Types of Panel Board, 
y Panel Board location. 

Ch5: Circuit Breaker 

y Operating voltage of C.B 
y Rated current of C.B (Ir or In) Amp. 
y Instantaneous short circuit current (Im) 
y Rated breaking capacity (Icu) KA 
y Types of C.B 
y Types of poles, 
y Earth leakage C.B 
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Ch6: Cables 

'> Operating voltage 
'> Operating frequency 
'> Conductor type 
y Insulation level 
y Core number 
'> Neutral and Earthing cable 
'> Derating factors 

2 

y Cross section area (mm ) 

Ch7: Cable Routing 

y Cable trays 
y pipes 

y underground Cables 

Ch8: Design of Panel Board (Lighting +Sockets) and Wiring System 
Ch9: Air Condition (HVAC) 

y Central Air Condition type 
y Direct expansion ( D.X ) type 
y Split type. 

ChlO: Lifts and Escalators 

y Selection of motor rated power 
y Total load calculation of lifts 
y Panel board design 
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Chll: busbar trucking 

'> Specs of B.B. according to 
'r- Type of Bus duct 
y Arranged 
y Rated current 
y SC current 
y Voltage drop 
y Feeding type 
y Types of joints 

y IP 

Chl2:- Ring main unit (R.M.U) 

y Construction 
y Operation 

Chl3:- Load Estimation According to Egyptian Code 
Chl4:- Transformer sizing and Selection 

y Types of distribution transformers [OIL TYPE and DRY TYPE], 
y Transformer construction. 

y Transformer sizing and rated power calculation, 
y Transformer room sizing, 
y Transformer Protection. 

Chl5:- Generator Sizing 

y Types of diesel generator. 

y Diesel generator sizing and rated power calculation. 
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y Diesel generator room sizing. 

> A.T.S 

Chl6:- Distributor 

y Construction 
y Operation 

y Types and specification 

Chl7:- U.P.S 

y Types of UPS. 
y U.P.S selection and sizing. 

Chl8:- Feeding System (medium voltage) according to Egyptian Code 

y Types of feeding systems according to Egyptian Code. 

Chl9:- power factor Correction 

y P.F Definition, 
y Purpose of P.F correction. 

y P.F calculation using ( calculation and program ). 
y Specs of Capacitor Bank, 
y Design of capacitor bank panel board. 

Ch20:- Short Circuit Calculation 

y Purpose of short circuit calculation, 
y Short circuit calculation using ( manual Calculation ). 
y Short circuit calculation using ( Tables ) 

Ch21:- Voltage Drop Calculation 

y Purpose of voltage drop calculation. 
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y Voltage drop calculation using ( manual and Programs ). 

Ch22:-outdoor lighting (streets lighting ) 

> by using manual calculation 
by using Dialux program 

Ch23:-outdoor lighting (sports area) 

y Introduction 

y Lighting terms for the understanding of sports lighting 
y Lighting requirements 
y Selection of floodlights 
y Multipurpose sports halls 
y Outdoor Basketball 
y Outdoor Tennis 
y Football 
y Hockey 
y Cricket 
y Contacts 

Ch24:-Earthing Calculation 
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,j&\ JoiJij JjVi 


/ \ 

14- Aline-*- A1 + Enter 

» s 


^aJi 2 ‘ '*‘‘ i j»-j 2 jl\ (jLS-ail ^_3 !■»» . >.i I a Wa'iii ^Ic. !■»» ■ >■>*' /\] -\- Enter * '***' ^ 2^ ■‘■ill 

. jl£JI J! U,>.i 



15- Mirror -►MI + Enter 


J A h 

MI + Enter -Y 

Ja^k) jl jjaJI <Jaij jjjsJ ^ MI + Enter ^ (1) ^ j Mirror : 2^* 






Enter ^ *' 


□ 


□ 





1 
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| | _ dlljjVl Jaj Jjj (ja - \ 

S + Enter ^-jl c> A 

(_£ I l-i» >>»'< §1 + ElltGr -1°JI lr*4l JAaj (jjjt-a (jL£-a -la j l-vsll oAA AiLaJ (jl I_j-Sjl llj 

.»A> <j^ cs' cs^ ^ L-CLICK u^ 


c 


16 - Stretch -► S + Enter 


17- Match -► ma + Enter 


1 AA jj-a 


eAA ^ ^ V ^jj x a la A 3— 1 J » <n ALa » aj ^jAJua jAj ^jj » a (_J£Au Lll-4 111 ; (_]l!La - ) 

. ^1111 JSjill jAaJ fj ma + Enter ^ JjVI JSjill jllaj ja.1 J£4> ^gJI J^Joll 

text aw ^ 6^“ cW- u^J 


18- Offset -► O + Enter 


3 


^jj-ajll ^glc. djl _j^VI .lai^A Cy* - ^ 

O + Enter ^uliAll 4a- jl t> 

Jaall jLlaj _ 4-jjl ula Ja^JaaJI aAA (jj-j 4-3' m-all ^ N~’ djja J ^-j jjl ji^ll Ja^laaJI ^j-o 4c. j-oa_a ^j-u^l ’ (JllLa 
^a_uj^)l Ia£a j i JaaJI ^glc 1*** 1 ^** ' A^all JAaj ^ J t - — .1 all 4iL.a-all JAaj ( Q -f- Enter ^*** 1 '"**' Jj^l 

.^jJIj s Jjl^ll £a l-^Aj 5, 4, 3, 2 4xkll 


19- Area -►AA + Enter 


Enter £ 5,4,3>2,1 4al4l ^^Ic. laLAaj ^ AA + Ente r » >>'i J^4JI ll* (_>4jaJ 
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20- Dimension-^ DI + Enter 


Enter ^ 2, 1 DI + Enter i ' 13& J (_>ulji3 


21- Dimension Dimension Luli t> ^ a*_>I j! 1 


<_JLL ji ^j-5) (ilj-aaj a laiiSl linear j jl ^^ial -L^ll (jl£ 1 31 _ ^ 

,~l» jll jj] 

.JjLJaaJI jl£ 13] Aligned A 


22- Text -►T + Enter (A) jLLI cjIjAH Jaj jL <> - 1 

T+ Enter aa.j! c> 

La (_jj£j D. Click J-aC. J (_£jLa*-all dlL. jl (j^a AjIjS (_£l ikl (jC. AjjIj Text cJ-aG- (jLa-a 


* > 

23- Insert Block -► I + Enter 


!<*- la x t , *all ^j_C- 4 . J 1 ^ 1 &c, . .' ^g_j]| CllL^^LU ^ ' r, Vi . nl (_l>a*J 13 a ~ ’'A'i . ai • (_JljLa 


aIac. <i3jL frLjiuil IgJliL. ^ ajjVI s3aU31 U3 Li a j _|_ D^gj- 
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— 
24- B count+ Enter 


^3 SJ ja, j-all dslS ^IJl ^d^lLuaJ 


Enter £ 4 ^ cjISjLII jc. jI ^>a!I < a * j > jll .iiaj £ B Count + Enter 


✓ \ 

LAYERS J! *Ui*d! 

s. > 


^Jc. ^jJaj (jl ^jS.a.all ^llLaS tjlVnj lao-mli] LAYERS ^,'lViun Ixl 

■LiJI t jSj ujU' LAYER -U uj&j j LAYER <> ^>11 j LAYER 

LAYER PROPERTIES ^ ^k.1 <> LAYERS J' 



LAYER PROPERTIES 


X 

E 


Current layer: AC 

ft lft| i 


OJ 

01 

ra 

C 

ra 


■:i 

D 

t 

UJ 

£L 

0 


OJ 

ra 


Filters 


B-0 All 


-ft All Used Layers 


Invert filter 



« 


S„ Name a 


n 0 
n 01-M-HVAn, 
Z7 01-MH-C... 
Z7 01-MH-C,,, 
n 01-MH-EX,,, 
n 01MH-HV,,, 
n 12-SPRINK,,, 
Z7 3-2NDS0S,,, 
n A-DOOR 
n A-ELEV-01 
Z7 A-ELEV-02 

n A-fiFMFPi 

<1 


Search for layer Q 

0$> 


0„ Fre... 

Li 1 1 

Color 

Linetype 

Linewei,,, 

Tr; 

3^[ 

ffl 


Continu... 

— 0.00, 

, 0 

U 1 1 % 


|152 

Continu... 

— Defa, 

, 0 

9 # 

ffi 

□ 60 

DASHED 

— Defa, 

, 0 

9 # 

n 

□ 62 

Continu,,, 

— Defa, 

, 0 

9 # 

n 

□ gr„. 

Continu,,, 

— Defa, 

, 0 

9 # 

n 

■ 10 

Continu,,, 

— Defa, 

, 0 

9 # 

a 

| red 

Continu,,, 

— Defa, 

, 0 

9 # 

a 

□ w,„ 

Continu,,, 

— 0.00, 

, 0 

9 # 

a 

□ 31 

Continu,,, 

— 0.00, 

, 0 

9 # 

a 

□ 252 

Continu,,, 

— 0.00, 

, 0 

9 # 

n 

□ 21 

Continu,,, 

— Defa, 

, 0 

0 a 

a 

El R 

f nnhmi 

— niR 

n 


All: 79 layers displayed of 79 total layers 
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.*** LAYER ** ( NEW LAYER ) £7 

ii2 -ulUl ^ 6 jIILaJI LAYERJ' lM (SET LAYER) y 

j-ljVI J^ V LOCK ojl^l LAYER J' lM (LAYER LOCK) @ 

Jikll ^Ac* JaiuJall ^aJJ 

LAYERJ' *UiV (LAYER OFF) Hj 
LAYER j^l o- AjjUl LAYERJ' *UiV (LAYER FREEZE) 

Wuin ^LujLudll ^ LAYER cJW ^ [Xl 

LAYER J ^3 lU ^ LAYER PROPERTIES J ujP j t 

LAYER Jl -kxjjall Ak-J AjjliJ 



LAYER J1 ( ISOLATE ) J> J~1 



I LAYER Jl ^ c^l£ LAYER J' t^j' 1 ( UNISOLATE ) 





ls^ jJ j^' j^jj j LAYER <— iliUiSJI ^ j ^A*-^ LAYER J^ J-^ J^A 

. j=^' ti' j <■ j (Jji? c£ j^' LAYER 
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INDOOR LIGHTING 


Contents:- 

1- Luminaire Selection (From Catalogue) 

2- Distribution of Luminaire ( Manual & Dialux program ) 

E to distribute any area must be specified the following:- 

To know 

Lighting Level [LUX] Type of Luminaire 

Get from standard code tables Get from Lighting Catalogue 

> IEC (international engineering code) 

> EC (Egyptian code) 

> NEC (national engineering code) 



[11 Room Function 


r 


JjSli ILJa ^UaU A aHa a]' ^ of LuaVl oAm ^jIula 


Of LdVt 

£ 

q\±*1\ 

H. 



1 . 


*T K * * 

i Ajuusla uaj^ 



r. * 
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0 ♦ % 





r. * 

^lc* 





r . . . 



J-43L4 


r. * 

^lc* 


0 ♦ ♦ 

(J-aaJI SAjJai* 


^ . 

(J*juo 51 AjtlaS S^Lja) 




0 ♦ ♦ 

LllllixJI Jlkl 


^ . . . 

jgnVt (J-aX-a 


r. . 

y*\\ 


0 * * * 

4^La£]| (JJlaaH 


^ . . . 

a :?j: k-'< : ii L uu-,n 


0 ♦ ♦ 



LjUloxJl 


0 ♦ % 



0 ♦ ♦ 

CjULxII ajiu ^Ic, 


LijC. 


*1 * 



r. . 



4ju&! 





r. 

AjuJuVI 


w . . 

jj3 


0 ♦ ♦ 



^pljLuiVt 


0 ♦ * 

jSUiill jj-W, 


n * 

AjljojVI 


o ♦ ♦ 

AjLlJ^a 


) Y * 


«: 4 I !Xtl 

0 % % 

(JUSLaaVI 
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^ 0 ♦ 


r. * 

Jjjill 6 Ajljflll AJjUa 

r. * 

djLoLo^ 

H. 


r. * 

(Jjj^aalt 


0 ♦ * 

Ojj) JjgJI 

0 ♦ ♦ 


0 ♦ % 


r. . 

dloLd^VI die. la 

0 ♦ % 


^ Y . 

A 9 Ull <]L^a 

0^1 Jib 

CSUaI ! 

r. * 

*La lc- Se-ldal 

Vo ♦ 

l^-ilj ^lalll dial (j£Lal Se-ljJaj 


: ^yajxll dlLjjli 

0 ♦ ♦ 

AjiXc* Se-ldal 

r. . . 

IjJI ^laill dial jIjj <LoIa Se-Ljaj 

: SjUUI o-i.9 

cAjl^I 

Y . . 

l — idsJ) (Jju^aajj ^ U 1)^*1 A-ljUa 

Y . . 

<SjUa 

0 * % 

C lila jol 1 5JjLLa 

: fbJJ) o-i9 

0 ♦ % 

4_a^ll J^jujjIia ^UJ 

^ . . . 

AilJI ^Ic. ^LaJ 

r. . . 

*iall ^JL ^Ul 


[21 Room Dimension 


> To know number of luminaires which achieve the suitable LUX.? 


N a area 
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[3] Ceiling Type 



Surface cr 5 ^ 
Recessed 

Gibson board l>^ 
Suspended 


S Surface mounted ceiling 



S Recessed mounted ceiling 
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UUaJ (_£ jS^ya i a ' p- ^3 c^lLiA 1 jl Ja^LuJt t aluill ~ ^ ■ ■■ i 

j' (60 X 60 cm) j' (30 X 60 cm) sUa^j cp s jhc. ja j <_$ jU*^!! Ai j*-aj 

(60 X 120 cm) j(30 X 120 cm) 

jLxjI (JjLuoj ( flLui£Jl jLxjI (jl ♦$► 


JasLull i sluJl ^lijjl ^lajjl ^LsjjVI ♦$* 
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- 8m - 6m <— aLuJI (jj£j ‘ ; dil^] j-oil j ^.LudJl j L_aLuJI 

and so on. 14m - 12m 


S Gipson board mounted ceiling 

(spots) Jf- 1 ' C>^' c 


[4] Work plane height 



Zero 


80 cm 


Depends on furniture such as:- 

■ Take "zero" if corridor or shops. 

■ Take "80cm" if office. 
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T51 Environment 

To specify the index protection 

Dust Moisture Vibration 

[0 - 6] [0 - 8] [0 - 9] 


jiiii pijh 

^ fijl' 

■f. 

jjV' fj* 
pj* 


0 

4jL?'- i_L»r 

a 

j fill jliii i yL* JL/i 4 jL?- 

( 

1 

^JL« 50 L j.* 4 .] ./? H ^ -lL? 1 - 

(iJL Lj «J yu JLyll 4^1?- 

i 

4.-»r jy 15 ^ J ./■■ " i jj-L* l j>i jil JL/i LL^- 

.l_p 

2 

|JL* 12 L J> J ] ■■■•■ lit ihl^ 

(jJi ^ui 

2 

4--»r 60 J ■ ,.'7 " i Jjfj jjl JL /1 4jL^- 

3 

Ji*) (J.* 2,5 VI il+fJl ^‘LuL.'h-V^ jj-* SjL^- 

(^VIj ^V' 

3 

J JL^i 4 jL^- 

4 

J ,f e 

1 ^jA jS ^1 J 1 ■;•■■ J 1 | 1 L M L?r^| , | IJ.* 4j*Ljf- 

(ij'jwJi 

4 

J5 CJ^ #Ll 1 ^fJJ JL^i ^_<k> 

4j 7 - 3jJL£ — ■lI.'L&L^ 1 

5 

‘■-I ■' l ij* J A .7. 7/ 3 jT-tO ijljf- 

jUU 

5 

iLf* -ii-W 1 -fiU-l -Wi 

4j 7 - .> j Jl£ J jJ * 1 J — 1 

6 

Jj& 0 jp- j _L*j iL* L5 ■ 

6 

jl«J| |t_J- 1 S fjLt jliL jLfAl -JL^fl 4jL^ 

J ^3 

7 



tl-ll jJlh Juujsil C> fill jlfJrl j-*-£ jlS JL^ 4 jL?- 

<L 

S 
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[61 Indoor or Outdoor Lighting 

To specify the following:- 


♦> Type of luminaire 

♦> Maintenance factor [ Indoor take 0.8 & outdoor take (0.6- — 0.4 )] 

[71 Direct or Indirect Lighting 

> Direct lighting (ON/OFF) Indirect lighting 

(ON/OFF) 



L DIMMER 

( LAMPS 

220V x 

50HZ } 

M 



Lumen = no. of lighting Lines = flux / lamp 

Dimming done by using: Resistance, Thermistor or Triack. 

(led -halogen) cjUdlt jbikl ^ jj j Dimming fLkj ^ 
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Luminaire selection 


Lamp Ballast (Gear) Housing 

Type of lamps 

1 

LED Gas_Discharge 

Fluorescent 
High Pressure sodium 
Low Pressure Sodium 
High Pressure Mercury 
Metal Halide 

Filament Lamps:- 

[1] Incandescent Lamp 


Filament 

Incandescent 
Halogen (Tungsten) 
Reflector 
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Color: yellow 

Color rendering factor 


% } * * ^1 (jl jlVI 
V A£.l_ui Y * * * V ^ 1 j ‘ _ ■■<**' j 

4_iujLuoi ic-LiJaLS ~ i n < 


Power 

(Watt) 

60 W 

75 W 

100 W 

150 W 

200 W 

300 W 

500 W 

1000 W 

Lumen 

730 

960 

1350 

2220 

3150 

3500 

8400 

13800 

Lum/W 

12.2 

12.5 

13.5 

14.9 

15.5 

16.7 

16.8 

18.8 


Lumen: Flux/Lamp [Lm] ^ j^all 

dlljja-jVI J ^ |»,''Vlnn 



C/?2; Lighting 


33 


Power System Distribution 


Power System Distribution 


[2] Halogen or tungsten lamps 



% ) * * (J i. (_j£j j j jx jj <a'n 

20 <_5-^ (J 1 IgJ 4_LijjJall AjliSlt £^jLuoa 1] AjjaiLuiVt f-lkloU V 

A£.Lui £ * * * l^J j * >«-i j Im/w 

Color: Yellow 

Used in shops, landscape and gallery. 

U'JU' C5^' ^Vl ^ 
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[3] Reflected Lamps^^'^M' 



j (JLac*! 




LSjJ^ l j Ja j* jJa^a ^-Ukj j ^JaS 


^Uall t> Sjjj£ ^ aj^LujI eL^l£ Filament Lamps — » f- 

.ojl^p. (J A^i^LuuJl 
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Gas Discharge Lamps:- 

[1] Fluorescent Lamps 



Tube Compact 

TL-D (T8) Lamps Integrated 

TL-5 Lamps Non Integrated 

Fluorescent tubes are a low-pressure mercury discharge lamp in which light is 
produced predominantly through fluorescent powder activated by the 
discharge ultraviolet energy. 


Lamp holder Fluorescent coat (luminophorous). Wolfram electrodes 



TL-D (T8)Lamps:- 

18 Watt > 60 Cm > 1300 Lumen 

36 Watt > 120 Cm > 3300 Lumen 

58 Watt >-150 Cm >► 5400 Lumen 
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For Recessed mounted ceiling: 


If L= 60cm & W= 60cm » 

If L= 30cm & W= 60cm > 

If L= 30cm & W= 120cm > 


use luminaire 4x18 OR 3x18 watt, 
use luminaire 2x18 watt, 
use luminaire 2x36 watt. 


If L= 120cm & W= 60cm ^ use luminaire 4x36 w OR 3x36 w. 


1500 

1300 

i?dO 

900 

600 

300 

o ■ 

300 (TBS12SJ) 













































u 






dd 

V 

. 

T 


y> 

FI 




















d 

i 

? 



























1SW 4k16W 2k36W 3k 3*W 

4k 3£W 



For Surface mounted ceiling: 


Use luminaire 4x18 watt in (offices - education ) 
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Use luminaire 2x36 for energy saving (stores-garage- electric room) 

18 W > 1300 Lumen 

36 W ► 3350 Lumen 

Also 4x18 is more expensive than 2x36 luminaire. 





58 watt lamps used in open area such as: Supermarket and Hyper malls. 
Because 


58 W ► 5400 Lumen 
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TL-5 Lamps:- 

14 Watt > 60 Cm > 1200 Lumen 

28 Watt > 120 Cm > 2900 Lumen 

35 Watt > 150 Cm 4000 Lumen 

For Recessed mounted celling: according to the area of the celling 
For Surface mounted celling: the same as in TL-D type. 


Type 

TL-5 

TL-D 

Lumen 

High Lm/W 

Low Lm/W 

Size 

Diameter: 16mm 

Diameter: 26mm 

Life time 

25,000 hours 

10,000 hours 

Watt 

Low wattage 

High power 

Color 

rendering 

85% 

85% 

cost 

High 

Low 


Compact Fluorescent Lamps: - (Saving Lamp) 

A) Integrated type 


Low Lumen/watt 
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B)Non Integrated type 
High Lumen/watt 
Life time about 10,000H 

\ Jm 

Used in spots: 

s 2x18 W (f r.a JaV! jV! ^ 
s 2x26W ( f ^ b# ClAc-lali jVI ^ ) 

^ Power Factor = 0.9- 0.97 
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[2] High Pressure Sodium [SON] 



Clear blister bulb 


T 



Base 


Discharge tube 




Diffused blister Ibullb 


Color Kendering 25% 

Color: yellow 

.all ^Lal 4_j (JjJaLLo]l 


ojjjS S j;La A. 1 


type 

power 

lumen 

Lumen/watt 

C.R 

Life time 

SON 

150W 

17500 

110 Lm/W 

25% 

38,000 hr. 

250W 

33200 

128 Lm/W 

25% 

38,000 hr. 

400W 

56500 

138 Lm/W 

25% 

38,000 hr. 
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[3] Low Pressure Sodium [SOX] 


Bayonet cap Deposit area for non 

vaporised sodium Clear blister bulb 



' Ll"- shaped discharge tube 



Color Rendering 45% 


Color: yellow 


type 

power 

lumen 

Lumen/watt 

C.R 

Life 

time 

SOX 

90W 

13600 

150 

45% 

18,000H 

180W 

32000 

177 

45% 

18,000H 
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Color: white ^ wL^VI j £_ s$.Lial 


type 

power 

lumen 

Lumen/watt 

C.R 

Life time 

HPM 

250W 

12700 

50 Lm/W 

45% 

15,000 hr. 

400W 

22000 

55 Lm/W 

45% 

15,000 hr. 


[5] Metal Halide 
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^3 A _'Vx HU o^LjaVtj v__1£.^La]I oc-Ljal ^ w"'. 

f fi(> J&l ijVI ujlj o' (SPOTS) crM' ^ 

Power: 35Watt up to 2000 Watt 


type 

lumen 

power 

Life time 

application 


3100 

35W 

10,000H 

spots 


5600 

70W 

10,000H 



12500 

150 W 

10,000H 


MH 

19000 

250 W 

10,000H 

factories 


32500 

400 W 

10,000H 



100000 

1000 W 

10,000H 

Sports area 


200000 

2000 W 

10,000H 
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LED Lighting 


• LED stands for Light Emitting Diode 



• Led is semiconductor device that allow current to pass through one 
direction. Once current passes through, the diode emits light. 

> The advantages of LED'S 

1) High efficiency (lumen/watt) about 100 lumen /watt. 

2) High life time up to 50,000hr. 

3) Dimmable. 

4) Low temperature. 

5) Different colors (RGB). 

6) No maintenance 
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led source characteristics 
High-power LEDs 

High efficacy 

+ 100 Im/W cool white* 
+ 80 Im/W warm white* 

Long lifetime 

+ 50 000 hrs 

Luminous flux 

+ 1 001m @ 1 W 

colour temperature 

2700 - 10 000 K 

colour rendering index 

70 - 90 


> LED SYSTEMS 


constant voltage 

12V OR 24V constant current 


220 V 




> LED tube 


LED compact lamps 
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dll -bai]l 


Lamp type 

Power(watt) 

lumen 

Color 

rendering 

Length 

Life time 

Efficiency 

(lumen 

/watt) 

TL-D fluorescent 

18W 

1350 

85% 

60Cm 

10,000 hr. 

75 Lm/W 

36W 

3350 

85% 

120Cm 

10,000 hr. 

93 Lm/W 

58W 

5400 

85% 

150Cm 

10,000 hr. 

93 Lm/W 

TL-5 fluorescent 

14W 

1200 

85% 

60Cm 

20,000 hr. 

86 Lm/W 

28W 

2900 

85% 

120Cm 

20,000 hr. 

103 Lm/W 

35W 

4000 

85% 

150Cm 

20,000 hr. 

114 Lm/W 

compact 

fluorescent 

(nonintegrated) 

18W 

1300 

82% 


10,000 hr. 

72 Lm/W 

26W 

1800 

82% 


10,000 hr. 

70Lm/W 

36W 

2800 

82% 


10,000 hr. 

78 Lm/W 

Halogen 

20 W 

300 

100% 


4000 hr. 

15 Lm/W 

35 W 

600 

100% 


4000 hr. 

18 Lm/W 

70 W 

1400 

100% 


4000 hr. 

20 Lm/W 

100 W 

2 550 

100% 


4000 hr. 

15 Lm/W 

High pressure 
sodium 

150 W 

17500 

25% 


38,000 hr. 

110 Lm/W 

250 W 

33200 

25% 


38,000 hr. 

128 Lm/W 

400 W 

56500 

25% 


38,000 hr. 

138 Lm/W 

High pressure 
MERCURY 

250 W 

12700 

45% 


15,000 hr. 

50 Lm/W 

400 W 

22000 

45% 


15,000 hr. 

55 Lm/W 

Metal halide 

35W 

3100 

70% TO 90% 


10,000 hr. 


70W 

5600 

70% TO 90% 


10,000 hr. 

79 Lm/W 

150 W 

12500 

70% TO 90% 


10,000 hr. 

86 Lm/W 

250 W 

19000 

70% TO 90% 


10,000 hr. 

76 Lm/W 

400 W 

32500 

70% TO 90% 


10,000 hr. 

82 Lm/W 

1000 W 

100000 

70% TO 90% 


10,000 hr. 

96.2 Lm/W 

2000 W 

200000 

70% TO 90% 


10,000 hr. 

98 Lm/W 

led 



85% 


50,000 hr. 

110 Lm/W 
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Power System Distribution 


(Ballast) 


jLj (Ja iOli ^ jL ^ (JjJLmjJ! AjUc- ■ij/jJ -lie 4-LaJJl L J±ljj J ^ 4 // jliU jli 


jL 1a y ^±lluj 


A {_gjLxJl t_Jj* ujjJl 

Types of Ballast:- 

1) Magnetic Ballast 

PF [0.4- 0.6] 

Used in cold room 



2) Electronic Ballast 

PF [0.9- 0.97] 

4i! (j-a jJLj ^ ^l^kluol (J* 

J IjVI c> C5^' 

Ex:- 

♦♦♦ For a luminaire 4xl8W with 
magnetic ballast (PF= 0.5) 

The consumed power is S= P/PF = (4xl8)/0.5 = 144 VA 

♦♦♦ For a luminaire 4xl8W with electronic ballast (PF= 0.95) 

The consumed power is S= P/PF = (4xl8)/0.95 = 75.78 VA 

^ualj jLyb dftuaVi JLa^I Jj iiu J^ju CjLuJjUJl tilliSj 
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Housing 

A 

Cover 


Mirror 

1 


- 't 

l 

Prismatic diffuser 

A 

Opal Diffuser 

Aluminum 

/ 

Used against dust 

used against moisture 

used to distribute the light 




> LAMP COLOR 


to 000 K 

a 


Color temperature 

Kelvin (K) 

(K) = °C + 273 


Color temperature 

2000K 

3000K 

4000K 

4200K 

6500K 


Color appearance 

Yellow 
Warm White 
While 
Cool white 
(Cool) daybght 
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Power System Distribution 

To select any, Ijjminaire according, to: 

1- Type of ceiling 

2- Lamp type 

3 - Ballast 

4- Cover (Opal or Prismatic ) or Mirror type 

5- IP [ Index Protection ] 

6- COLOR TYPE 

7- housing 

8- manufacture of approved equal 


Ch2: Lighting 


50 


Power System Distribution 




Eng_abdelmonem shabon 


Type (A) 



Technical Data 

Description 

■ 

Recessed Mounted luminaire 60Cm x60Cm. 

Luminaire housing 

; 

Luminaire housing of sheet steel with internal and 
External electrostatic white paint. 

Reflector 

: 

High-gloss optic, double parabolic 

Control Gear 

: 

Electronic Ballast. High Frequency Regulator (HFR) 

Lamps 

: 

Fluorescent lamps 4x14 w TL-5 

Degree of protection 

: 

IP20 

Color index 


White color (4000K) 

Manufacturer 

■ 

Similar to Philips Catalogue (tbs260) or approved 
equal. 

Application 

: 
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Type(B) 



Technical Data 

Description 

: 

Surface Mounted TL5 fluorescent lamps. 

Luminaire housing 

• 

Fibre-glass reinforced polyester, grey. 

Reflector 


Polycarbonate. 

Control Gear 

: 

Electronic Ballast. High Frequency Regulator 
(HFR) 

Lamps 

: 

Fluorescent lamps 2x28W TL-5. 

Degree of protection 

: 

IP66 

Color index 


White color (4000K) 

Manufacturer 

: 

Similar to Philips Catalogue (Pacific TCW216) or 

approved equal. 

Application 

• 
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Type(C) 



Technical Data 

Description 

■ 

Recessed Mounted 2 PL-L compact fluorescent 
lamps. 

Luminaire housing 

• 

plastic, injection molded 

Reflector 

: 

plastic, injection molded with high efficient 
reflective layer 

Control Gear 

: 

Electronic Ballast. High Frequency Regulator (HFR) 

Lamps 

■ 

compact fluorescent PL-C lamps 2 x 55 

Degree of protection 

■ 

IP43 

Color index 


White color (4000K) 

Manufacturer 

: 

Similar to EGYLUX Catalogue or approved equal. 

Application 

■ 

V.I.P rooms. 
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Type(D) 


Technical Data 

Description 

: 

Recessed Mounted tls Fluorescent lamps. 

Luminaire housing 

: 

antibacterial 

Reflector 

■ 

Opal acrylic cover (0) 

Control Gear 

■ 

Electronic Ballast. High Frequency Regulator (HFR) 

Lamps 

: 

Fluorescent lamps 4 x 14 w TL-5 

Degree of 
protection 

: 

IP65 

Color index 


White color (4000K) 

Manufacturer 

: 

Similar to Philips Catalogue(CR200B) or approved 
equal. 

Application 

; 

Intensive Care, Chamber of operation, Resuscitate 
the lounge 
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Type(E) 



Technical Data 

Description 

: 

fixed downlight with compact fluorescent lamp(s) 

Reflector 

: 

PIRSIMATIC cover (P)) 

Control Gear 

■ 

Electronic Ballast. High Frequency Regulator (HFR) 

Lamps 

■ 

Fluorescent lamps 2 x 26 w 

Degree of protection 

■ 

IP44 

Color index 


Worm white color (3000K) 

Manufacturer 

■ 

Similar to Philips Catalogue or approved equal. 

Application 

• 

Corridors - jUaul -JLSIujVI 
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Technical Data 

Diffuser 


Surface wall-mounted 

Luminaire housing 

; 

Made of high quality extruded aluminum, painted in 
stove enameled white baked epoxy polyester mix- 
powder. 

Reflector 


Opal metacrylate diffuser 

Control Gear 


Electronic ballast 

Tightness 


Polyurethane gasket, elastic washers and rubber 
seals. 

Lamps 


(1*28W+1*14W) TL-5 Fluorescent lamp 

Degree of 
protection 


IP54 
Class 1 

Manufacturer 


Nardeen or approved equal. 
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Type: (F) 



Technical Data 

Description 

■ 

Energy saving and particle universal, luminaire. 

Luminaire 

housing 

; 

Heat resistant thermoplastic housing. 

Reflector 

: 

Acrylic diffuser reflector. 

Control Gear 

: 

Electronic Ballast 

Lamps 

: 

Compact fluorescent, Dulux F36W 

Degree of 
protection 

■ 

IP44 

Manufacturer 

: 

Similar to Lival-Finland of type Globus or approved 
equal. 

Application 


A.A\ 
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Power System Distribution 


Lighting Distribution 

Manual distribution:- 

LUX xaxb 



Lumen x U.F x M.F x n 

Where 

N: Number of Luminaires 
n: number of lamps per luminaire 

Lux: Lighting level, get from standard table (IEC, EC and NEC) 
a: Room width 
b: Room length 

U.F: Utilization factor sjliwyi lW** 

M.F: Maintenance factor <jLu-oM 

1) How to calculate utilization factor (U.F) :- 

Calculate room index [kl = . 

L J (L+W)x H 

Then by knowing the color of walls, celling and ground we can get the U.F 
from the table. 
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Reflecting surface 

% reflection index 

Gloss silver 

92-97 

Gold 

60-92 

Matte silver 

85-92 

Polished nickel 

60-65 

Polished chrome 

60-65 

Polished aluminium 

67 - 72 

Electropolished aluminium 

86-90 

Vaporised aluminium 

90 - 95 

Copper 

35-80 

Iron 

50-55 

Enamelled porcelain 

60-80 

Mirrors 

80 - 85 

Matte white paint 

70-80 

Light beige 

70-80 

Yellow and light cream 

60-75 

Accoustic ceilings 

60-75 

Light green 

70-80 

Light green and pink 

45-65 

Light blue 

45 - 55 

Light grey 

40 - 50 

Light red 

30-50 

Light brown 

30-40 

Dark beige 

25-35 

Dark brown, green and blue 

5-20 

Black 

3-4 


R: Reflection of walls, celling and work plane. 
K: Room index. 
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Utilization Factor Table 


Ref 

K 

0.7 — > (walls) 

0.5 — > (celling) 
0.2 — > (work plane) 


0.5 

1 


0.75 



1 - 

*• (U.F) 


1.25 










2) Maintenance Factor:- 

Indoor lighting [M.F = 0.8] Outdoor lighting [M.F = 0.4 - 0.6] 

3) Lux [ Lighting Level ]:- 

Take the value from standard tables codes (EC or IEC) 

4) Lumen get from specification of lamp in catalogues:- 

From calculation if the total number of luminaire in the room = [N], then to 
get the number of luminaire in length and width calculate the following:- 


> Number of luminaire in length(column) = 

> Number of luminaire in width (row)= 

Where:- 

W: Width L: Length N: Total number of luminaires 
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Example 


If we have office room with the following dimensions: 

a= 8.5 m b= 8.5 m h= 4m 

Lux= 500 Lux use (4X14 Watt) >lumen= 1200 



.. 500x8.5x8.5 „ , 

N= = 15.6 = 16 


1200 X 0.8 X 0.6 X 4 



^ _ LxN 18.5x16 

> So, No. of luminaire in width = I— = I — — — = 4 


w 


8.5 


w ri .... WxN 8.5x16 . 

> No. of luminaire in length = — — = — — — = 4 

Distance between two luminaire must be equal double distance between wall 
and luminaire. 


11 

i 

X 

n !: 


i : 


c. A 

^ X 1 
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Programing Distribution using [DIALux program):- 

ciAiLui£JI ^ jjujj DIALUX 2t*Loj 

>Red dialux 


?■’. Ai.i1n.-ar. HKiT . hi>JI DWG] 

jj( F** Ed* Vtew limit r-am^ r i:-=+i Draw bmiwn P^-dEv Wrdow H*lp- 

i :-pJ 4 W 8i> £ -« ti » ^ ^ ^ i£ at ^ ^ "■* EJ 1ft 4 Si! H rf fr 

<i * 



■4 DIALux 4.12 


CAD Pick Insert Luminaire Selection Output Window Online ? 

. ^ -J'S ; i 0 (b 


Project manager 

r DIALux / 

djU) JU^J \ UeaJ 1 

Note 

mmmm. 

Ui.\i yn 



- ^^dxevo 

No inf 

% 

** 1 

^ DIALux Wizards 


New Exterior Project 

Open Last Project 


New Street Project 

Open Project 


Design rooms by using Wizards 

\7 Show this dialog at next program start 


The Guide * x 

Indoor LL.. ^ 

Edit room 

%> Insert 
New 
Room _ 

R%" Load - 

Outdoor ... ^ 
Street Li... ^ 
Light see... ^ 
Emergen... ^ 
Daylight ^ 
Energy E... ^ 
Sport Sit... ^ 


Jp- 1 r»o- y l... [dto... 

For Help, press FI. 


Adjust G... ^ 

UF NUMSC 
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c> 


W DtALu»4.12 - Prpjfrtt 1 - |R«tHi 1, - Floor plain] 


±h 


> i Q 




di Fife £d it IfjfVr £AD Pick Insert Luminaire ^election Qutput Window Online l 


- £ 


□ fll J (J i4 jtl A 

-j ; Jityj m 


&>« *|!*|*U& 

1(&|&]*|£|& i&l* ;i¥jQve 

; o 5 


Pf-oject manager 


fl. Room 1 - Floor plan 
General Mainlenance plan method (too ^ ^ n I &j» IjjiT 


OX The Guide * * 


o ^ ndbswe 
Mantenance factors 
Reference vaiues: 


j *K^T> J^lu J JiiS 


Ptase octal en ap^wton c^ampe. 


Extended (&i 12464} 
Amfeieit wn^tonj; 

Normal 

MamfenanDe rjterval^ 

Amualy 


a J Preset 1 

^ Luminaires- Used 
& %i Room 1 


J?- [f%a„ [»c„ [^i„ [ao- 



For Help, press Fl, 
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* + i it M 


■ OlALui 43 - [\ - floor tbf\] 

IhtM E* £-» C«(- 
J <4 A .Jui> 

i T? ej 

ftajBCk nurugw 

lumkwlr* Postons 
tlilftT r!»r Fhlpti Cwt«. 

ifclritJalh iwrt 



lpnw« Llwl 

V 1? rFT^r 0lflMTC9H^^l«HmC(Ma 
% ijM 

P WgrtcJw 
* Fl>y 

d w»s 

S> 

i _j Lumnc#« 

&■ FkW Ari-wqeAwN. 


.fFf_ I^F... #C... fL, .JO... 

Fw Hdp,. pw FJ . 


L!^i 
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fcOjfi 
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r^t 
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iiw*T 

irnnl 
Hpjtpfncirt 

^ ftVf 

w SM 

Twfciii 

PC. mi h^lanj 
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>Blue dialux 
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DIALux Light Wizard 


Data Input 

Enter ell values required for the room and select your luminaire and its mounting tj 


Room 


Geometiy «*>» ** < 




'iijijl Jjla Length (a): 9.SOO m Drawing: 

Aijiil w | Ja j& Width (b): 

C-liSjVl Height 


9.600 


m 


2.soo 

Use L-Shaped Room 


c: 

d: 


4.SOO 


A.m 


m 


m 


m 


Preview: 
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Room Parameters AjUlsJI Jatta 

Reference Values: 

Application example ▼ 


Workplane 6 *^ & 

Height: 0.8 m 


Wall zone: fl-StlQ m 

Maintenance factor: Q--3Q 



Ch2: Lighting 


69 


Power System Distribution 



Power System Distribution 


Luminaire Selection 


^ Catalogues ui 


Luminaire: 


PHILIPS FBS12Q 1xPL-R/4P14W HF L 


r i Ly i t t rJ 


<Ll4di ■ h -^ '■ 1 j 1 i jui 

^ Catalogues 


Select the quantity here: 
Luminous emittance 1 


Lamp: 


PL-R/4P14W/S40 


Here you can modify the provided 
luminous flux of the luminaires: 

Luminous 1050 | m 

Wattage: 17 W 


PHILIPS 
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Calculation and Results 

Here you can calculate various variations and check the results 


Luminaire: 


PHILIPS FBS120 1xPL-R/4P14W HF L 


Dimensions {Lx B x H): 0.239 x 0.239 x 0.122 m 
Calculation Parameters . . . » _ *, 

•■.j- ■■ ■ ■ \ kjjg - ^ j iaA \\ m 




Planned Em: 


500 


Em from arrangement: 0 


be 

be 


Suggestion 


Horizontal arrangement 
Number in x: 


jjP 



a 


1 . 2 a 


m 


asa 


Vertical arrangement 
Number in y: 


si** VI JJP 



10 


a. 90 


m 


a. 49 


m 


m 


Arrangement parameters 




Luminaire Rotation: 

9Q ▼ 


Centre up 
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%10 Eav |x] 0.5 >*ii 


Bnin / Eav 


Hi 


Eav ||x] 

Emir Ox] 

Em ax Ox] 

Bnin / Eav 

Emin / Em ax 

491 

300 

565 

0.61 

0.53 


Calculate 


Hi! lull llulptf 

Hm you c it pit the itjJl: « save f ac PDF Mt fa fomwitg 


output J3il 


m 



PlE^Cttaf 

if VLufflMtbVa&M 





L U 



= 3 


HT 





flM 

TT 


E 



_ 






Unr-He 0^4 Start 


NvmJ 


mm 

¥ 


UGR 



J lnpulftotocd ^ 


Hi 1 

zlT 

i : a □ "i 




H" 

in 


LjTiuftG(tijIi:dljon 

OD[N O0E 

BZ OtIEN 

QliTE 

J j jlijjj ■ 8 t ■ I L m m ■ 

/ O^SwdMlUliflVAM 


calculation d 






<tt*eh | flu? Cwfll 
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t \ 

Sockets (Power) 

Contents 

1. Types of sockets. 

2. Distribution of sockets. 


Types of Sockets 


i 


IT General used sockets or Sinele sockets. 

Standard rating for single socket:- 
V = 250 volt ; I =10 A or I =16 A 
S (VA) = according to codes 

I 


( 




IEC 
180 VA 


EC 

250 VA 









2 ) Double socket 
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Standard rating for double socket: - 

V = 250 volt ; I = 10 A orl6 A 

S = according to codes 

1 

IEC 

360 VA 

vL* kL* kL* kL# 

3") Power socket 

Standard rating for power socket:- 

V = 250 volt ; I = 20 A or 32 A 

• For (500 < S > 3000 VA) <-► Take 20A. 

• For (3000 < S > 5000 VA) <-► Take 32A. 

Take it in calculation (Depend on load) 

Application: 0.5 KVA 

(1) Kitchen (2) Bath Rooms (heater and hand drier) 

(3) Laundry (4) Drilling Machines 



1 

EC 

500 VA 


43 U.P.S socket 

Standard rating for U.P.S Sockets: - V = 250 volt; I = 10 A or 16 A 
Take it in calculation (Depend on load). A separated distribution 
board For UPS- socket should be design. 
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EMERGENCY RISER 


NORMAL RISER 


SECOND 


TAP OFF 


UPS 

—KVA 


DB-UPS 




TAP 

OFF 




NSDB-F 


A 

A 

A 


FIRST 


GROUND 


2 50 A 
M.C.C.B 


4x185+95 mm Cu 


PVC/PVC 



150 KVA 


lOOAmp 

M.C.C.B 


12 50 Amp 
M.C.C.B 


A.T.S(l/2) 


CASES 

C.B-1 

C.B-2 

N.O 

1 

0 

CUT OFF 

0 

1 


38OV.30+N+E 50H2.40KA 



L.B.S -k L.H.Ji k L-B.5 k 
630Amp t ^63QA-np^i 630Amp^w 

SF4RT 


OUT 


RMU 
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S) Weather proof socket 

It is normal socket with cover (IPfT) 


SOCKETS 

Weather proof SOCKETS 

A 


A 


A 


A 


A 


A 



Aiwlication 

• Corridors 

• Kitchen 

• Bath Room 

• Outdoor 

• Stores 

• Factories 





6^) 3 (j) socketfplup in ) IdJ) 


S A 


Standard rating for 34» sockets:- 
V = 400 volt; 


I = 16 A, 32A, 63A, 100A or 125A. 
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7) Column sockets 


L Ml LjSMl L J fJisu; 

Standard rating for column sockets 

V = 250 V I = 20 A & Outlet: 6, 12, 18, 24 outlets 



kL* kL* kL* vL* vL* 

#'J'» 

8") Trunking Socket 

L-fli&q AjUxH ^ -«...-« 

V = 250 V & I = 20 A & Outlet: 6, 12, and 18 
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9) Floor box 



V = 250 V & I =16 A & Outlet: 1, 2, 3, 4, 5, 6 & (IP67) 
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Sockets Mounting 

^-3 Ajjlgill A-LJajVI (JA ^ajuo V * (J-C ^jdALJl LjJ ^judla ^ 

<> 1.35 cA' ? 1.2 (j^a L-J j^udlc CjLgL^JIj ^cjUa^l ^UjIuAj 4±SI£J(j 

lifla 

4 *Ld3 (joi^aVij aKaai ^ jjdjLall J)g ^.j <jl ^ ^Y 

.Wj C5^' 

Aic* (jAi Vj JIjl1oj!)U <UjL3 jjc, All/] AJjUi SjLo ler jU/]^ U ,y^\l Adler (^ 

(JLoXJjujVI ^ic* ^IjUjVIj 6 jJULll] <Ll£ <jj£j J L_L^Jj ^Jl ^lijjl 

.^U]| 

L-llaallj (jj l3*aq\t ^ 4 ^.j3^a]| jl &3^)La]| ^jjdjlLo]| (jl 

>Yg ~\W j jUil] 4 Vv^t a a)$\\ (j-^ ^jjdjLLo]! ^-Ic* jl 1 iju ^jj-^j ^jl ^ v^kj ^ 

b Sjj1j L_fl 

^lUi VI (jLojJal aLbai] JlqI x*o\I ^ ^ill t> k-ll^ajVl (^i AjS^aII (J^UaII <jj£i u'^ljj (“1 

.dlLliJa^Vl (JjjoC- ^JC- (J^xll Ull _jl '^1->A. Lgjc. 

C±j\£ £.1 j^ui J^ttW Jbol x«o\l ^ j_l]| (J^ ^-1 ia]| 3^11 (JJ-^J (jl ^_C*I^)J (V 

-Aj^)g^^\l L-jUa3VU ^1 ^a]| 6 Llg J jj^aj £Aa] g.\ )ax j &3j^a JajL^Jl (_)^l^ jl ^ 

Laj3 A-i&\ AiLaui Q\ JVil.'s ^.nl.'N ^Jc* <_£ j_3 iiLa jl ^ijtLa ^I.^Vual Aic> ^^Ijj (A 

IgJVli. dj jx^>\l JU&I iWM (J^VI ^-lc» ^ ^ ^ ♦ Ia^jI^Lc 1 uj 

V c* vj^kj ^j£Lcl IgJjLcj Lg jl ^cj\ y^\l jl djLcLo^JI ^3 ^jjdjlLo]| (jl i>j 

^LiaIIj (JLia ^aiuudl ^l^)ill (JjLiLg ^3 

jl .UJS A jJa^)Jt a\\ ^-3 (jjdJ-Lail Aj-jujLia]| A \\ *^\\ A-^.^ ^)l_Likl Slc*!^a l > ^ j (^ % 

.AjjjVI 

^Lo^JjujVI (jjl ^jjdialjLA]| ^3 ^jjdjlLc 3 ^uoLj V ( ) ) 
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.8 (jC' JajLaJI j (jjj 4ja3VI AiLui^ll VI 1 - ^ Y 

^Ull jiaji ^ 3.65 Cf- l$'^ £ j^llj (j * 1.1^1 1 ^ j±a 





1 ^ * i — jJ. ■ ,1-^t T" aj i^a 1 a ifl Ji 

/ +* ^ J v U * 

/ J 

/ al i ^ It t ii 'I 

.... 





D 


Y/////////////////////////&&ZS 

'/////////////&?< 
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SYMBOL 

DESCRIPTION 

QTY. 


SINGLE SOCKET 16A 250V 
F.F.L= 30 Cm 


-L 

SINGLE SOCKET X6A 25QV 
F.F.L= 70Cm 





SINGLE SOCKET 16A 25QV 
F.F.L=30Cm, WEATHEB PROOF 



rN 






_ 


POWER SOCKET 20A 250V 
F.F.L=I20Cm, WEATHER PROOF 



DOUBLE SOCKET 16A 250V 
F.F.L= 30 Cm 



DOUBLE SOCKET IGA 250V 
F.FX=l70Cm 



FURNITURE MOUNTING 
FOUR SOCKET 16A 2SOV 
WEATHER PROOF 


6 






EZ3 

FLOOR MOUNTING 
TWO SOCKET 1 6 A 250V 
WEATHER PROOF IPG 7 




THREE PHASE SOCKET 
IGA 4 00V f F.F.L=l SOCxix 







1 l-h 

ISOLATING SWITCH 
20A ,250V,F.F.L=120Cm 



L 


FURNITURE MOUNTING 
single SOCKET ISA 2&OV 
WEATHER PROOF 


a 

DOUBLE SOCKET 16A 2SOY 
F.F.L=120Cm 



THANKING SOCKET 20 A 25 OV 
1 2 OUTLET 
F,F-L=150Cm 


(3 O ■& S O t? 

oo c o o o 




SINGLE SOCKET UPS IGA 250V 



_oJ 


ELECTRICAL OUTLET 





(j* ajV (j^ij j*j i$\ (Sjuoj u^j (Standard) t — ^ j3 



-; ^jT/ <j*ui ( fUAuajJ ) JL&k Jj&l jl^Jt) AajL^SJ! 
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Panel Boards 


r 

v 


J 


Contents 

1) Construction of panel board. 

2) How to draw the Panel Board (S.L.D). 

3) Types of Panel Board. 

4) Panel Board location. 


Construction of panel board and specification. 

1 ) Main circuit breaker 

2) Bus bars (R+S+T+N+E) 

3) outgoing circuit breakers or fuses 

4) indicted lamps 

5) digital meters(Volt- Amp- KW - KVA- P.F- VAR) 

6) current and voltage transformers (C.T & V.T) 

7) insulations 






j 


-:(main circuit breaker) / 

u' short circuit <-> jUll $ jL) AjUa. ^ 


. (A.C.B)^lj^l jl (M.C.B) <^11 jl (M.C.C.B) gjsll 
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Bus Bar ( B.B ) 

c_al^ial jLill J^Ull 

(Jjl \jC* ^ic* USalj LjujIj (jjjjJaall C* n fn ^aJJj ^ (jljjJa3 ^Jj^aJ j 

LgJ j ClullSdll j| <Jj| j£, j Ag.>\l <L<u 3 j LjJjujIjjj 

Igj Ja j <-l* (jljjJak]| CliiL ^J^Jall j CIujj LakA^J 

^jljjJa^]| (jlA^ JjJjJa ^jC- SjLja Cljjjlc, ^1 jl Aj^Jajll jjjIj ^jljjJa^]' *L)L<^ ^aJJ • 


CjIjUI] (jji Cjli aJjIc. ±\ yiJ 4 ^. ^iSL IgJaJJjJ J l^ljj^a jJ ^aLaJ A*J 

(JC- UaLaJ IgJ^tJ (PVC) (J^ £-T)j^ 3I (jljjJaB • 

4^<u3 SAC* (jLliaB Julu SjljJall 

£i)jti \ ( short circuit current) >-aSi \ jUs j (rated current) jUll 

■ uW^ 6* fltejj 

. (JjilaJjuiA ^ i ' . >»A ^gJc. L_ljJj^*oi! ^UjiS i^ya aJj£ ^jC, ojLic. jA j lLiax «a^all ^ ^ 

ejliliuiVlj 4-a.jl ^jk Ajj^jj ^»jj l-JjSj a^c. Aj l. u ■ >»* ^jc. ajtjc. jAj t_jjfliLa]l (V 


A9 L_!ji£i]! liilj (j<a o . *>' a"' w'N/ ' JiJJh^ ^JC. ejl^aJ! A^p (Jjliij tillj (j^a 
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(outgoing circuit breaker ) 




^jjILo (jl 


oAjM ij«»l 

(jj£j (jl _jLuj dJ_j3 {ja A-lJ^^ll CIjLia^I! Afljjua ^3 (_)Aiiill A_ia& 1 ^j<a£j 

.(digital meters ) j! (analog meters ) 

A^I^JjuaaII AijUall AiLuiaVlj ^jliillj ^ ^ H (jjjLial e^_a.lj o Jjj-« A-LujJJ^I' diLa^^HI * 

power ejo^l cUbt-o (jjjlja aj^L ± 3 y oij ( KWh ,KW and KVAR) AiliL^ll Ujj^ 

.aajIII aj^aIj ^a-a. L_Laia. aK till jj jjjill j\ factor 


■dj^jli t-ilja) j^A ayuiUa ,gjxj ^jt t-jaj y-vt| ^jjjj CjIa^I £jbjll tliLbal * 
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jLj]| 

4 LgJ j CliLajl ^ A ,aAaIi » ±al\ dilj j£-al! ^j-a di^a-a ^)iisu 


^Ai! j-all j Six j 1 xujj ' i-Lail^ JaS3 AaJj i &La /j-a -» J^' 


>J 


, Lilli 


<_]ja^a a_n£. ■ Lojjjj ^jJajJ (J£i jAJIj (Jjja «all (_£jjlall L_&Lall jA 4-ilc. (Jj-n. (_jj £ jp ^jj 



L 

1 1 
c 

2 L 

T 

,3 




$ 






ip • 

(IP44) Ajftjil! a^J1\ * 

(IP54) ^jlll * 

(IP65) OUTDOOR a^jIII ❖ 


jLu dlUalj oAja <aj ^«aY ^jC- Jaj V "Lajll ^L-all t4 -a l jj Qj 5L (jl 


❖ 


l>^j^ 


❖ 
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PANEL BOARD DRAWING (S.L.D) 

fjj u' (single line diagram) ^ ^U.jl 

C_fijjuj 4 V ' 1 eA& (_j-a J^xJt Aj\j£ c"\lj A^.jj ^3^ f JJ D 

Y jjc. t-*UVs j 30 HP jijjj-a aj31j j^c. l_i jIL^ -:1 JliLa 


20 HPjJJ>a 



Ch4: Panel Boards 


87 


Power System Distribution 








Ch4: Panel Boards 


88 


Power System Distribution 





Eng_abdelmonem shaban 




Ch4: Panel Boards 


89 


Power System Distribution 












? ATS J! jA U 

Jiia J\ ATS ljL^aii.1 cJjaj La jl Automatic transfer switch J' jl^ ♦> 

s^Lc. jAj 1 ■ >-»V ' J ^ - UaS. AJla. ^3 Lljjl <ojjl A^j] I 4-j.lxls 

. JjjLuJl J< juoI\ < ^jJaj-a jA LaSi ^lj-a jAj ^gjLlI <a^al' Ao-ajkOJtJI 
iJ-oxjV ^-Llafljl A_lLa. jAj Aa.lj jAk^a-o <_L«J NORMAL A-aj] ♦♦♦ 

(-liLLkjudHj <— SjLVI <JLo Ajjlc. <JLia.l La Lllcj A_ajlll e^A 
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jj£j j 4-iAxl\ k JUJI ^ cU*j (emergency) d>L^jj U «$► 

aJj^II aAA ^-9 ^Lia^jl AJC> 

l # Ujj«s jf£l jl k±l\!l V ♦ ^1\ lU-^J A9 Cll9j]| pj}^ CjUjill aA& C5 Ja\jl^Vl 

S^LjJaVl (J-^ 0^ cJ-^ (JLa^-VI (JJ-Sj )a& ^-9j ^g-lal jWVI aJj^iII S*L*g 

^cJI ^c>l j 

(J_axj ^\\a £j (Jj) ^sx>\I ^a UptxJI UL^JI ^_9 (J_^xj U.P.S 4— ♦♦♦ 

^Ij9 Ajuj U.P.S jAj^a^o aJL^JI aAA ^-9 ^Uakj' Ak^Lili^J 

JlLa *Lba&l (JLa^Vl (AjU^ill aA&j ^Jal fWV I aIjaJI jA jAj^axi <jjfLj aIjaJI 

.t^5jiiSI <J!La ^jLiaII ^_9 LjJjujL^JI s^_2klj AjlAxSIj djLiL^xll j t* 

UPS Jl , jU» ^ *U4 

. ^ XLl juia jL)J A^JAaJ! jlllll cJ^ 2 ^ ^aJJ 4Aa (JjjVl ^3^^ 

. djljjUaJill ^)du.u -ail jLdll J Wn.i ^jj ; . i| «j^JI ^3 ' 

ej-a JJjia jlij ^1 4jjUaj]l qa ^)-a'~U-u-all jliill <Jj_j^J ^»JJ cUHill LS^ 



Ch4: Panel Boards 


91 


Power System Distribution 


♦:♦ ♦:♦ ♦:♦ 






Eng_abdelmonem shaban 


^Uakjl AiatA (j-aj ^ Jajl' Lajlj ^jlj AjAju (ji cj^ dl (j-a 

jLiijl ^Uafljl Aic. < *dall j A iS^ Ifllda (JLad^l eAA jjIjj 

a Ad JIa^M eAA 4 jA*j UPS Jl ^JXlIxjiA juj AjjUaill QjfL) (3^ 

CdLjUaJI jJ ^aJJ lilj tg-La L-J j«Snoa\l jLull 4_i*£j A^Usall Ajljuj d_SB I jJJ 

^ UPS Jl ^ Lajlu^j c_i^j C jj^ic. ^aI jli tSiliSj. Ampere Hour Jl 

a*La ^ a AM .4j*lij <jl (j£^aJ jLd ^5 <xl}B • La 4dJjui 

Ujli L_illiJI ^ij jIjj UPS Jl LJ£ gAaII jLiill ^j) ^-JalLj 

AWjujII (Jj£j fi^ir^l ^^Jl pLjlj ^l^LjjJa ^jud^J ^Illl dljLajL_xi]l (jl J^$->ll 

Jl ^ gVu <jl ^Jl Aj^^ll jAx^axi]| ^A UPS Jl CjljjlJaJ Ajj^x>\I 

■Bjju lAAxJj ^Jjj^I^ ^JaljWVI ^Jl ^ joUJ^' ^)Ax^a^]| (j^a Aj^jmII Jj^J ATS 

. ^jaUJ^' i^ja JjJ^ll J^Li. 6 ^a 1I aA& c^)^I JjoM AjjUaJI 


Panel board location 

La <jj1^c.Ib (JjjLujI <j?jb1Ij SjLVI cijL^jl <j£LgIj 

. ^ * CP W 3 A& V *dUI u' o*^' zones <J\ jjdl <**-& 

Jo-i. “l j CjU.jI A-^jj d (J jjLujI ^ V- clidjl]! A Ac. AjA^j dua. ZOneS (J^.Ia^Y 

AaI^^U (j^Lal 1 . ' ^ djj lAAj Ja_x £ A ~ Jojk V "l d_k Y £ ~ Jajk ) A — Ja^ ) Y — 

• ‘-AJC- (jj^J (j' U-^JJ 
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(JLaa.'iM JajuojOA t SljC. (j (j£li (jl 


^fjfr ^jLqxaH i^jluilujVl qa 4Jftfl)frd ^a^uaoH fjJI uaaj Aja ^U 
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Specification of circuit Breaker: - 

[1] Operating voltage of C.B 

[2] Rated current of C.B (Ir or In) Amp. 

[3] Instantaneous short circuit current (Im) 

[4] Rated breaking capacity (leu) KA 

[5] Types of C.B 

[6] Types of poles. 

[7] Earth leakage C.B 


Construction ofjow voltage C.B 



Operator 


c «_ •. •- 


Operating 

mechanism 


Upper 

tenninal 


Thermal 

protection- 

bimetal 


Arc 

chamber 


Fixed 

contact 


Moving 

contact 


Tripping lever 


Electro-magnetic protection 


Lower terminal 


DIN rail holder 
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1- Operating Principle of low voltage C.B 


Time 

(min) 


overload protection S.C protection 
long Time Deley short Time Deley 



Ir: rated current of C.B (Amp) 

Im: intendance short circuit current of C.B 

Ic.u: max short circuit current or (Rated Breaking capacity) (KA) 

Note: 

I r : depend on KVA of load 
(Discussed in details in this chapter) 

Icu: depend on the impedance of (Cables, Bus Bars and Transformers) 
(Will be discussed in details in SC calculation chapter) 
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I Operating voltage of C.B 


i 

Low voltage 

(lV^ lKVl 

1 <|>-220 
3 f- 380 V 

MCB - MCCB - ACB 


1 4) C.B 
220 Volt 
S < 5 KVA 




A 

) 


Medium voltage 
(1KV - 66KV) 

11 KV, 22KV 
6.6KV,3.3 KV 

SF6 - Vacuum 
Low Voltage C.B 


High voltage 
(66KV - 500KV) 

132KV, 220KV 
500KV 

Oil - SF6 


3 <|> C.B 
380 Volt 
S > 5 KVA 


3 c|) ijj 5 KVA 3^ 3^^ i^IUa ^jSLij 


2- How to select C.B according to Ir(A)? 

(EX^P) 


Ir of C.B=? 

X 


Cable 


NOTE:- 
We assume that 


HP = KVA 


1<|> , Load 
4HP 


As, S H =V.I 


So, 


hoad — 


S 

V 


(Single Phase) 
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' 5* 1000 \ 

N . hoad — o o n — 4.5 * Sy 



OR 


220 



for l-QLoad 


* I load = 4.5 * 4 = 18 A 


I C B = Safety factor X I t 


load 


f 


E.C 

25% over load 


Safety factor 

— J— 

IEC 

20%over load 


— V 

NEC 

10% over load 


I C . B = 1.25 * 18 = 22.5 Amp. 

. [Bujjliere is no CJB with Ir =_ 22. 5A)_ 
So, from C.B standard: - 
20A 25A 


32 A 


22.5A 


So, Select (C.B = 25 Amp.) 



Circuir Breaker Ratings 


10 


16 


20 


25 


32 


40 


50 


63 


80 


100 


125 


MCB 


160 

200 

250 

400 

630 

800 

1000 

1250 

1600 

2000 

2500 

3200 

4000 

5000 

6300 


ACB 


MCCB 
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EX-X) 


IrofC.B =? 

* 



3(|), 50Hz 
LOAD 50 HP 


(Three Phase) 


( 


l load 


5* 1000 

-p = 1.5 * Sj 

V3 380 


I L = 2.5 * KVA 


Ol 


I L = 2.5 * 222 


for 3- <f) Load 


I L = 1.5 *50 = 75 A 
From C.B standard 


80A 



94 A 


100 A 


Select 


C.B = 100 A 


EX:-3 ^ 3ph load, 140 hp 
I L = 140* 1.5 = 210 A 
I C .b = 210 * 1.25 = 262.5 A 


Ex: -4) 3ph load, 160KVA 
Irated = 1.5 * 160 = 240 A 
I c .b = 1.25 * 240 = 300 A 


Ic.b = 75 * 1.25 = 94 A 




250 A 400A 

X / 

x 300 A 7 

( C.B = 400 A / Adjustable) 
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3- Instantaneous short circuit current (Im) 

How to select C.B according to I m ? 

B - C - O turves 


1O0 

t(s) 

10 

1 

0.1 

0.01 

0.001 



(B) Cijtii]' ^uuja Ufcajl ^Kul l ~ \ 

ijUV' Jl«{static loads} ( 5In — 3In ) j*? Im 


. dlljLkjalllj 


Ch5: Circuit Breaker 


99 


Power System Distribution 


Power System Distribution 


(C) LajUll y 

<J1« {dynamic loads) 3-aUaJ ^ w^W 11a jlikjj ( lOIn — 5In ) £jl>L Im 




(D) CajHH j j t m ih ULaH Y 

cJla Iaa. a_JIc. Iaj ch\jLn aJIa. ^ ^ w^ll 11 a jlikjj ( 20In — lOIn ) (j^ £jl>i Im 


. CliVpk A\ 


Types of low voltage Circuit Breakers 
(1) Miniature C.B I gb I I ) 



'La IaIaJI pjjLLJI 

125 A <^1 6A (jjj <*jui — ) 

4.5KA- 6KA— 10KA— 15 KA c tiid jUi-Y 

^y^Lij lg-La .Isljj — V 


(JLa^V jj ejUV I (Jla Ajc^all jjjj ^ ~ — t 
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(2) Molded Case C.B 




1 600A c^' 1 6A t> ja ji>( ^ 

ON -OFF-T ripped j aj^ 4 ] cU^i (\ 

^nL jj^' (Adjustable) j4^' (V - 

1 00A o* Ulc. taa (Adjustable) jt 

. 1 OOKA C5^' jLp ( £ 

.JajjS A_La (^ 



(3) Air circuit breaker 


lA-uljfrll ftLljill (jASUak pAl <>>j 


6300A J' 630A 0 - jajS p 

.<_W' a^jjL ^ c .uliTil jjiull (Adjustable) s j^j (X 

. 150KA Ji J^>^! jU (r 

Ja£2 ^cjjlLJI AXa J £ 
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A.C.B 

MCCB 

A.C.B 

M.C.C.B 

M.C.B 

M.C.C.B 

M.C.B 


6300A 1600 A 630A 125 A 16A 6A 


(1) If 

C.B 

Ir = 6 A or 10 A 

M.C.B 

(2) If 

C.B 

125 A < Ir < 630 A 

M.C.C.B 

(3) If 

C.B 

1600A < Ir < 6300 A 

A.C.B 

(4) If 

C.B 

16A < Ir < 125A 

may be M.C.B or M.C.C.B 

(5) If 

C.B 630A < Ir < 1600 A 

may be M.C.C.B or A.C. B 
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So, How to select the suitable type? ! 

The answer is where the location of C.B in the network is. 

Because \ m 

> M.C.B operates in 3 msec during short circuit. 

> M.C.C.B operates in 9 msec during short circuit. 

> A.C.B operates in 30 msec during short circuit. 

MCB MCCB ACB 

► ► 

Rating Increase 

< < 

Speed Increase 

> If C.B Incoming O Select MCCB 

> If C.B Outgoing ■=> Select MCB if current (6 A - 125 A) and short 

circuit < 15KA 

> If C.B Outgoing ■=> Select MCCB if current (I >125 A) 

> If C.B Outgoing ■=> Select MCCB if current (6 A -125 A) AND 

and short circuit > 15KA 

> If C.B After Transformer must be A.C.B except only one case, If the 
transformer locates in any area contain dust such as outdoor & factories must 
be selected MCCB. Because the MCCB can be maintained, but the A.C.B is 
very hard to be maintained. 

> If C.B Outgoing ■=> Select A.C.B if current (I >1600 A) 
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Types of Poles of CB 

(1) Single Phase - Single pole (2) Single Phase - Two Pole 



(3) 3 Phase - 3 Pole C.B (4) 3 Phase - 4 Pole C.B 


• • • *1 


• • • • 

) 

vfc * % '1 p 


• *1 *\ 


/" N 

I Earth leakage C.B (ELCB or RCCB) I 
V J 

There are two types: 1(|> ELCB and 3<|> ELCB 
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Operating Principle 

For single phase system the ELCB compare the difference between the life and 
neutral phases with the adjusted setting value. 


In, 


I 


out 



E 

L 

C 

B 




► 

LOAD 






tin = lout ► Normal Operation 


Iin^Iout 

So, 


Iin = l 


out 


+ 1 


Leakage 


i 


Lekage - A in 


= Iin - I 


out 


+ Earth Leakage 


In case of three phase system the ELCB compare the difference between the three 
line phase and the neutral with the adjusted setting value. 


Ir 



I R + I s + It = In= zero ► balance 

Ir + I s + It = In = Value ► Unbalance 

Ir + I s + It - In = Leakage = zero Normal operation 

I R + I s + I T - In = Leakage = value ► Earth Leakage 


Main function of ELCB 

(1) To protect Human, we select I se tting = bn - Lut =30 mA 

(2) To protect machines, we select I se tting = 300 mA 
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EFFECT OF THE CURRENT ON THE HUMAN BODY ACCORDING TO IEC 60479-1 


ms 

10 000 

- m 
I 

! 2000 
.e 

i 1000 

I wo 

| 200 

1 100 

© 

I SO 



a 




i b 
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\ a ! 
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1 
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> 

A 
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\\ 
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k 1 


® 



1 

1 






\ 

1 

, 


1 

\ 

| 

\ 

\ 




l 

! 







A 

\ 

■ 

\ 

\ 




1 

1 

1 








N 

N 

\ 

j 


1 

1 




1 










1 

1 



0.1 07 0.5 


I 

1 

3 

o 5 ! 


0 5® 1000 M 


w 


current passing through the human botff 


m.4 


Zone 1: no reaction to the passage of the 
current 

Zone 2: general^ no ptysiotogicalty 
dangerous effect 

Zone 3: general^ no organ damage. 
Possjbilitf ot muscle contracton and 
breathing difficulties, ra ersible effects in 
the formabon and conduction of impulses to 
the heart, deluding venlriaiar hbnllabon, 
which inaease with the ament intensity 
and bme. 

Zone 4: in addition to tie effects described 
tor rone 3, the possibty ot ventricular 
fibrillation can inaease ot more than 50*i. 
Ptysiotogical effects, such as canfcac- 
respuatory arrest and severe burning,, an 
occur. 

cl probability 5*b 
c3: probability > SOty 


Medium Voltage C.B 


Rated Voltages are 


r 


T 




i 


22 KV 


11KV 


6.6 KV 


1 


3.3 KV 


Rated currents are I rated = 630 ~ 4000A 
Rated Breaking Capacity 


(A) 11KV 

■=> 

(B) 22KV 

■=> 

(C) 6.6KV 

■=> 


MVAs.c = 500 MVA 
MVAs.c = 750 MVA 
MVAs.c = 250 MVA 


Types of MV C.B are: oil, Vacuum and SF6 


Ir of C.B =? 
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Motor 2MVA 
11 KV 


2 X 10 A 6 


load. V3xllxlO A 3 


= 104 A 


Select: I CB = 630A Type: SF6 C.B 
I s . c ■=> atllKV ■=> 500 MVA 

7 500 X 10 A 6 

Icr — -p 26 KV 

V3xllxlO A 3 

Note: for MV motors there are a contribution of currents from the other neighbored 
motors fed fault 

The contribution range from (50% - 80%) 

Icu = Is.c + 80% IS.C = 1.8 (26) = 46.8 KA 


So, ICU = 50 KA 

Note: Medium Voltage C.B Just operation only without fault detection (i.e. 
controlled switch by protective relay). 
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The Multi-Function protective relay protects the motor from:- 

(1) Phase failure (open of one phase) (6) Over load 

(2) Over temp (PT 100) (7) Over current 

(3) Unbalance phase (8)Under voltage 

(4) Over frequency (9)Over voltage 

(5) Over speed. ( 1 0)Phase sequence 
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FUSES 


Types ofFuses 

(1) Semi-enclosed Fuse 



(2) Cartridge Fuse 


Mainly used in Siemens boxes 
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(3) High Rupture Capacity Fuse (HRCF) 



(4) aM-Type Fuse 
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Wherej_ 

- Semi enclosed and cartridge used in low voltage. 

- High Rupture Capacity used in medium voltage 

- H.R.C.F used to protect transformer from short circuit. 

- aM fuse used to protect short circuit protection in motors, transformer and 
other load with high inrush currents due to the good current limiting 
capability and low I 2 t values. 

- Rating of fuses start from 10A, 16A, 20A, 25, 32, 40, 50, 63, 80, 100, 125, 
160, 200, 250, 320, 400, 630, 800, 1000, 1250A. 

Ex. 


To calculate the rating of fuse 
(HRCF) 

I rated = 52A 

I fuse = (Safety factor) *I ratcd 
Safety factor = 1.25 
I f = 1.25 *52 = 65 A 
Select fuse rating = 80 A 


Note: HRCF used only to protect 
the transformer from short circuit 


Transformer 
1000 KVA 

Il±2x2.5/0.4KV 

Zs.c=5% 


3x240 mm 
AL/XLPE/STA/PVC 


1 


H RC F- 


J 


•\ L.B.S 
^400Amp 


L.B.S h L.B.S ^ L.B.S \ 
63 OAm p f J 630Am p, J 630 Am p. J 


SPARE 


OUT 


RMU 


IN 


u 
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t \ 

Cables 


Cables are selected according to: 

1) Operating voltage 

2) Operating frequency 

3) Conductor type 

4) Insulation level 

5) Core number 

6) Neutral and Earthing cable 

7) Derating factors 

8) Cross section area (mm 2 ) 



m Operating voltage : - 
❖ Low voltage cable [ 1 V -> 1000 V ] 

(0.6 /I KV) 


❖ Medium voltage cable [ 1 KV -> 66 KV ] 

(12 /20 KV) 11 KV ^2! 

(18 /30 KV) 22 KV jid! ^J! 


(6 /10 KV) 3.3 KV - 6.6 KV jidl ^J! 


❖ overhead conductor [ 66 KV 500 KV ] 

❖ Control Cable 
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Medium Voltage , 

Transformer 

Cable mva 



Low Voltage 
Cable 


\\\\\ 

R. S, T. N, E 

380 V 



For the same C.S.A medium voltage cable insulation higher than low voltage 
cables (V a Insulation). 

In general:- 
V a Insulation 
la Cross Section Area 

[2] Operating Frequency: - 



50 Hz 60 Hz 


[3] Conductor type: 



Aluminum (Al) Copper (Cu) 
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■ Conductivity of Al= 65% of Cu conductivity. 

■ Al is lighter than Cu in weight. 

■ Cu is higher cost than Al. 



> All medium voltage cables are made from Al because of two reasons:- 

1) Low current I jj 

2) Underground cable cost j j 

Except cables used to fed motors load 

> Low voltage cables are preferred from Cu except underground cables of 


electrical distribution company for residential area are Al. 

Note 
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r 4 1 Insulation Level 


Type 

PVC 

XLPE 

Standard normal temperature 

70°c 

90°c 

Max Temp, at short circuit level 

150°c 

250°c 

COST (LE/m) 

low 

High 



> All medium voltage cables with XLPE insulation because high short 
circuit level. 


@ 11 KV Network - — SC= 500MVA 
@ 22 KV Network - — SC= 750MVA 

- Low voltage cables may be PVC or XLPE (PVC for low current & XLPE for 
high current). 
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Note:- 


Sheath is always made from PVC. 


Conductor: Cu or Al 


Insulation: PVC or XLPE -* 


Sheath: PVC 



[5] Armouring 


S.T.A (Steel Tape Armoured) 


S.W.A (Steel Wire Armoured) 


Steel Tape Armoured [S. T.A]:_Used for underground cables. 


> S.T.A withstands mechanical 
Stress more than SWA. 

> but S.W.A more flexible than 
S.T.A. 
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[6] Core number: - 

a) Single core cable: 

Application of single core cable:- 

• If CSA> 300mm 2 . 

• Residential area. (Riser) 

• Earthling cable. 



Earthling Cable 


b) Two core cable: 

Application of two core cable:- 

Used in low voltage in 10 where there is 


no earthing system [ L& N only ]. 



c) Three core cable: 

Application of three core cable:- 
Used in low voltage in 10 where 
There is earthling system [L, N and E]. 
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- In medium voltage three phase [R, S, and T]. 



d) Four core cable: 

Application of four core cable:- 
Used for three phase network 
In low voltage system [R, S, T and N]. 



Cables Formations 
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• Trefoil position is preferred than flat position as: 

Flat position: Temp'll Derating in cables. 

• Multicore cables are more economic than single core cables. 

• Multicore cables designed as trefoil so more technical than single core 
cables. 

• Multicore cables are preferred than single core cables. 


For Neutral Cable:- 


R 




T 


S 




N 


IF 

C.S.A <=35mm 2 

C.S.A > 35mm 2 

ACCORDING 
TO CODE 

C.S.A (N) = C.S.A (L) 

C.S.A (N) = 1/2 C.S.A (L) 
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3x3 mm 2 

4 x 3+3 mm 2 

3x4 mm 2 

4x 4+4mm 2 

3 x 6mm 2 

4x 6+5mm 2 

3 x 10mm 2 

4x 10+10mm 2 

3 x 16 mm 2 

4 x 16+16mm 2 

F C.S.A =25 mm 2 OR C.S.A =35 mm 2 

-» E = 16 mm 2 


r If C.S.A >35 mm 2 E = J4 lT') 

For three phase only E = %L 



R S T N E 
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Ex:- 

(3x 70 + 35)+35 & (3 x 240 + 120) +120 & (3 x 95 + 50) + 50 

ajIj£ i-iu-a jj (jjjla jc Single core or Multi core ^ j*-* 



(3X185+95)+95 mm 2 
CU/PVC/PVC 




l Cable Design ' 
l v_ !.J 

Cables are designed according to: 

♦> Current carry capacity or thermal rating. 

♦♦♦ Voltage drop. 

♦♦♦ Short circuit level. 

[1] Current Carry Capacity: - 


C.B = 80 A Cables C.S.A=??! 



hated = 40 x 1.5 = 60 Amp 


as HP = KVA 


I c .b= 60 x 1.25 = 75 Amp -> C.B = 80 Amp 


LOAD 40 HP 
3 PH, 50HZ 
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r 

! Icable = 


CB 

Derating Factor 


I 

1 

I 


So must select C.B before cable. 

C.B rating depends on (KVA of load). 
Cable sizing depends on C.B rating. 



Types of Derating Factor:- 


a) Ambient temperature Derating factor 

b) Ground temperature Derating factor 

c) Grouping factor 

d) Burial depth Derating factor 

e) Soil thermal resistivity 
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Ground temperature derating factor 

Ground temperature °C 

25 30 

35 40 45 

50 


55 

PVC cables rated 70 X 

1.13 1.07 

1,00 0.93 0.85 

0.76 


0.65 

XLPE cables rated 90 X 

1.09 1.04 

1 .00 0.95 0.90 

0.85 


0.80 

Burial depth derating factor 

Depth of laying rat. 

Cables cross Section 

Up to 70 mm 2 

95 upto 240 mm 2 

300 mm 2 & above 

0.50 

1.00 

1,00 


1.00 


0.60 

0.99 

0.98 


0,97 


0.80 

0.97 

0,96 


0.94 


1.00 

0.95 

0,93 


0.92 


1.25 

0.94 

0.92 


0.89 


1.50 

0.93 

0.90 


0,87 


1.75 

0,92 

0.89 


0,86 


2.00 

0,91 

0.88 


0.85 



Soil thermal resistivity derating factor 

Soil thermal resistivity in S C. Cm | Watt SO 

90 100 120 150 

200 


250 

Rating factor 1,17 

1.12 1.07 1,0 0.91 

0.80 


0.73 



f 1 j^Jl UujIjj Lifll SjjlaJLUl J«al3u» 

(jic> cj^Lisii 



6-8 

4-5 

3 

2 


0.7 

0.72 

0.75 

0.78 

0.85 

Ufll 

0.66 

.0.68 

0.7 

.73 

0.8 

U-lj 
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r 

Air 

-> Temp 

-> Grouping Factor 


Take T = 50°c 
So, for PVC take 0.82 
For XLPE take 0.89 


De-rating Factor 


Ground 
-> Temp 
Depth 

->Soil Thermal 
Take Tg = 50°c 
So, for PVC take 0.76 
For XLPE take 0.85 
(for depth = 80 Cm) 




How to calculate Deratincj Factor for group of cables? 

Correction factor for cable laying in cable trays. 

If cables are single layer and the distance between two cables is equal to 2_D 
of cable and the distance between cable and wall equal D_this mean: 
Derating Factor D.F = 1 


Ex:- 


C.B = 80 A Cables C. S. A =??! 



> 

LOAD 40 HP 
3 PH, 50HZ 
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i — cg 

cable 

Temp = 50°c -> PVC D.F T =0.82 

Single cable -> D.F G = 1 

I cable = — = 97 Amp 
0.82 r 

From Elsewedy Catalogue: chose Cu/PVC/PVC (4 X 25) + 16 mm 2 

Multicore Cables, with Stranded Copper 
Conductors PVC Insulated and PVC Sheathed 



Description 

• Mullicora cobles of stranded Copper conductors ore insulated with PVC compound rated 70 : C, assembled together, covered 
with overall jacket of PVC compound. 

• Cobles ore produced according to IEC 60502 or BS 6346. 

Application 

• For outdoor and indoor installations in domp ond wet locotions. 


Product • Code 

Nominal 

Cross 

Sectional Area 

Max. Conductor Resis'ance 

DC at AC at 

20 °C 70 e C 

Current Rating 

laid Loid 

Direct in In 

Ground Ducts 

Loid 

in 

Free Air 

Approx. 
Overall 
Die meter 

Approx 

Weight 


mm 2 

G/km 

O/km 

A 

A 

A 

mm 

kg/km 




Four Core Cables 






CP1-T104-U04 

1.5 rm 

12.1000 

14.6000 

21 

18 

18 

11.4 

180 

CPM1O4.U06 

2 5 mi 

7.4100 

8.8700 

27 

23 

22 

124 

230 

CPI-T104-U08 

4 rm 

4.6100 

5.5400 

35 

so 

31 

14 8 

335 

CP l-Tl 04.1109 

6 nr 

3.0800 

36900 

45 

36 

39 

160 

425 

CP1-T104 U10 

10 rm 

1.8300 

2.1900 

60 

48 

53 

179 

635 

CP1-T104.UI 1 
CP1T104-U12 

16 mi 

1.1500 

1 3900 

75 

60 


20.3 

880 

1295 


0.7270 



\ 


239 

CP Ml 04.1) 13 

35 rm 

0.5240 

0 6280 

120 

95 


26.6 

i700 

CPI -T1 04*1114 

50 sm 

0.3870 

0.4640 

145 

115 

138 

29.3 

2225 

CP1-T104-UI5 

70 sm 

0.2600 

0 3220 

175 

145 

171 

32 9 

3065 

CPI T104-U16 

95 sm 

0.1930 

0.2320 

210 

165 

209 

37.8 

4175 

CPM104-U17 

120 im 

0.1530 

0.1850 

240 

195 

242 

41 2 

5205 
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r Jti. 


Y V * Aj^Ij Aj.'uM ~ j a * ^ k_J_ji)a-a 


Jiiklj di^LilS J*U. ^Jc. j! ^1*JI £-a jL^a. Y « S^jb 


> 30 HP & No. =3 


Irated =30 X1.5=45A I c .b- 45 x 1.25 = 56 Amp -> C.B = 63 Amp 


Icable — 


CB 

D.F 


Temp = 50°c -> PVC -> D.F T =0.82 -> D.F G . N o= 1 


Icable — 


63 

0.82 


= 77 Amp 


(J-aLaJI ^c. (Jjj diliLuLa (jl ^glc. 




Nominal 

cross 

sectional area 

Max. Conductor resistance 

Current rating 

Approx. 

overall 

Approx. 

weight 

Egytech - code 

DC at 
20 °C 

AC at 
70 °C 

Laid 
direct in 
ground 

Laid 

in 

ducts 

Laid 

in 

free air 

diameter 


mm 2 

Q/km 

Q/km 

A 

A 

A 

mm 

kg /km 





Four core cables 





CP1-T104-U04 


1.5 

rm 

12.1000 

14.600 

21 

18 

18 

11.4 

180 

CP1-T1 04-U06 


2.5 

rm 

7.4100 

8.870 

27 

23 

22 

12.4 

230 

CP1-T1 04-U08 


4 

rm 

4.6100 

5.540 

35 

30 

31 

14.8 

335 

CP1-T104-U09 


6 

rm 

3.0800 

3.690 

45 

36 

39 

16.0 

425 

CP1-T1 04-U10 


10 

rm 

1 8300 

7 190 

60 

48 

53 

18.5 

650 

CP1-T1 04-U11 


16 

rm 

1.1500 

1.390 

75 

60 

72 

20.9 

910 

CP1-T104-U12 


25 

rm 

0.7270 

0.870 

100 

80 

94 

25.0 

1360 

CP1-T1 04-U13 


35 

sm 

0.5240 

0.628 

120 

95 

110 

25.1 

1650 

CP1-T1 04-U14 


50 

sm 

0.3870 

0.464 

145 

115 

138 

29.3 

2225 

CP1-T104-U15 


70 

sm 

0.2680 

0.322 

175 

145 

171 

32.9 

3065 

CP1-T104-U16 


95 

sm 

0.1930 

0.232 

210 

165 

209 

37.8 

4175 

CP1-T1 04-U17 


120 

sm 

0.1530 

0.185 

240 

195 

242 

41.2 

5205 

CP1-T1 04-U18 


150 

sm 

0.1240 

0.151 

270 

220 

275 

45.9 

6400 

CP1-T1 04-U19 


185 

sm 

0.0991 

0.121 

300 

245 

314 

50.7 

7960 

CP1-T1 04-U20 


240 

sm 

0.0754 

0.084 

345 

290 

374 

57.0 

10330 

CP1-T104-U30 


300 

sm 

0.0601 

0.077 

390 

320 

440 

63.3 

12915 


From El-sewedy Catalogue: chose Cu/PVC/PVC 4 X 16 + 16 mm 2 
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> 20 HP & No. =2 


Irated =20 X1.5=30A I c .b = 30 x 1.25 = 37.5 Amp -> C.B = 40 Amp 


Icable — 


D.F 


Temp = 50°c PVC -> D.F T = 0.82 -> D.F G . N o= 1 


Icable — 


40 

0.82 


= 50 Amp 


(jjj cHiliLuL® (jl (jjoLuit 




Nominal 

Max, Conductor resistance 

Current rating 

Approx. 

Approx. 

weight 

Egytech - code 

cross 

sectional area 

DC at 
20 °C 

AC at 
70 °C 

Laid 
direct in 
ground 

Laid 

in 

ducts 

Laid 

in 

free air 

overall 

diameter 


mm 2 

Q/km 

Q/km 

A 

A 

A 

mm 

kg/ km 




Four core cables 





CPI -T104-U04 

1.5 

rm 

12.1000 

14.600 

21 

18 

18 

11.4 

180 

CPI -T104-U06 

2.5 

rm 

7.4100 

8.870 

27 

23 

22 

12.4 

230 

CPI -T1 04-1)08 

4 

rm 

4.6100 

5.540 

35 

30 

31 

14.8 

335 

CP1-T104-U09 

6 

rm 

3.0800 

3.690 

45 

36 

39 

16.0 

425 

CP1-T104-U10 

10 

rm 

1.8300 

2.190 

60 

48 

53 

18.5 

650 

CP1-T104-U11 

16 

rm 

1.1500 

1.390 

75 

60 

72 

20,9 

910 

CP1-T1 04-U12 

25 

rm 

0.7270 

0.870 

100 

80 

94 

25.0 

1360 

CP1-T104-U13 

35 

sm 

0.5240 

0.628 

120 

95 

110 

25.1 

1650 

CP1-T1Q4-U14 

50 

$m 

0,3870 

0.464 

145 

115 

138 

29.3 

2225 

CP1-T1 04-U15 

70 

sm 

0.2680 

0.322 

175 

145 

171 

32.9 

3065 

CP1-T104-U16 

95 

sm 

0.1930 

0.232 

210 

165 

209 

37.8 

4175 

CP1-T104-U17 

120 

sm 

0.1530 

0.185 

240 

195 

242 

41.2 

5205 

CP1-T104-U18 

150 

sm 

0.1240 

0.151 

270 

220 

275 

45.9 

6400 

CP1-T104-U19 

185 

sm 

0.0991 

0,121 

300 

245 

314 

50,7 

7960 

CP1-T1 04-U20 

240 

sm 

0.0754 

0.084 

345 

290 

374 

57.0 

10330 

CP1-T1 04-U30 

300 

sm 

0.0601 

0.077 

390 

320 

440 

63.3 

12915 


From El-sewedy Catalogue: chose Cu/PVC/PVC 4 X 10 + 10 mm 2 
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> main cable and circuit breaker 



main circuit 


breaker — 1.25 X 45 + (45+45+30+30)— 206A 


F 


.B = 200 Amp 


Icable — 


C.g 

D.F 


Temp = 50°c -> PVC -> D.F T = 0.82 


Single cable D.F G = 1 

200 


Icable — 


0.82 


= 250 Amp 


From Elsewedy Catalogue: chose Cu/PVC/PVC (3 X 120 + 701+70 mm 1 2 


3X120 i 70 i 70 Cu 

ITC/PVC | 




20 0A 

1ICCB 

I iiHO V.2VQ tfa.ilifrKA 


vi r f 


to 


. ■ 6:iA 
\KTlt 




, . 10A 

f MC'C’H 


F “i 


1 XI) 

: JO IIP 
1 SPAKE 


201'TP 

1SPAKK 
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100 ^jjjI Aj^Ij AjA«M A.^. ^ j ^ >- ^ c_j |- 3 Jlla 

*1^.1 J C1j!}IA£ tg_l£ <l£U£l! <jl ^al*Jl 300 


> 100 HP & No. =3 


bated =100 X1.5=150A 


Icable — 


I cable — 


C. B 

D. F 
200 
0.82 


Temp = 50°c -> 
= 250 Amp 


= 150x 1.25 = 187.5 Amp -> 

PVC -> D.F t = 0.82 -> 

Je. di!)Ljl£]l (jjj diliLu^a jj (_)jjLuiI ^^Ic. 


C.B = 200 Amp 

D-Fg-no= 1 


Multicore Cables, with Stranded Copper 
Conductors PVC Insulated and PVC Sheathed 

^ 2233323 ^ 


• Multicore cables of stranded Copper conductors are 
insulated with PVC compound, assembled together. 



• For outdoor and indoor installations in damp and wet 
locations. 



Nominal 

cross 

sectional area 

Max. Conductor resistance 

Current rating 

Approx. 

overall 

Approx. 

weight 

Egvtech - code 

DC at 
20 "C 

AC at 
70 °C 

Laid 
direct in 
ground 

Laid 

in 

ducts 

Laid 

in 

free air 

diameter 

mm 2 

Q/km 

Q/km 

A 

A 

A 

mm 

kg /km 




Four core cables 





CP1*T104*U04 

1.5 

rm 

12.1000 

14 600 

21 

18 

18 

11,4 

180 

CP1-T104-U06 

2.5 

rm 

7.4100 

8.870 

27 

23 

22 

12.4 

230 

CP1-T104-U08 

A 

rm 

4.6100 

5 540 

35 

30 

31 

14.8 

335 

CP1-T104-U09 

6 

rm 

3.0800 

3 690 

45 

36 

39 

16.0 

425 

CP1-T104-UI0 

10 

rm 

1.8300 

2 190 

60 

48 

53 

18.5 

650 

CP1-T104-U1 1 

16 

rm 

1.1500 

1 390 

75 

60 

72 

20.9 

910 

CP1-T104-U1 2 

25 

rm 

0.7270 

0.870 

100 

80 

94 

25.0 

1360 

CP1-T104-U1 3 

35 

sm 

0.5240 

0.628 

120 

95 

110 

25.1 

1650 

CP1-T104-U14 

50 

sm 

0.3870 

0.464 

145 

115 

138 

29.3 

2225 

CP1-T104-U1 5 

70 

sm 

0.2680 

0.322 

175 

145 

171 

32.9 

3065 

CP1-T104-U1 6 

95 

sm 

0.1930 

0.232 

210 

165 

209 

37.8 

4175 

CP1-T104-U1 7 

| 120 

sm 

0.1530 

0.185 

240 

195 

242 

41.2 

5205 

CP1-T104-U1 8 

150 

sm 

0.1240 

0.151 

270 

2^0 

275 

45.9 

6400 

CP1-T104-U1 9 

185 

sm 

0.0991 

0.121 

300 

245 

314 

50.7 

7960 

CP1-T104-U20 

240 

sm 

0.0754 

0.084 

345 

290 

374 

57.0 

10330 

CP1-T104.U30 

300 

sm 

0.0601 

0.077 

390 

320 

440 

63.3 

12915 


From Elsewedy Catalogue: chose Cu/PVC/PVC (3 X 120 + 701+70 mm 2 
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> 300 HP & No. =2 


Irated =300 X1.5=450A 

C.B 


lc. B = 450x 1.25 = 565 Amp 


C.B = 630 Amp 


Icable — 


D.F 


Temp = 50°c -> XLPE -> D.F T =0.9 -> D.F G . N0 = 1 


<_CLaJl (jjj diliLub# jj ^gic. Icable = 


630 

0.9 


= 700 Amp 


Multicore Cables, with Stranded, Copper Conductors, 
XLPE Insulated and PVC Sheathed 


• Multicore cables of stranded Copper conductors are 
insulated with XLPE compound, assembled together 
and covered with an overall jacket of PVC compound. 

• Cables are produced according to IEC 60502 or BS 5467 


• For outdoor and indoor installations in damp and wet 
locations. They are normally used for power distribution 
in urban networks, in industrial plants, as well as in 
Thermo power and Hydropower stations. 



Egytcch - code 

Nominal 

cross 

sectional area 

Max. conductor resistance 

Current rating 

Approx. 

Approx. 

weight 

DC at 
20 °C 

AC at 
90 °C 

Laid 
direct in 
ground j 

Laid 

in 

ducts 

Laid 

in 

free air 

overall 

diameter 

mm 2 

D/km 

Q / km 

A 

A 

A 

mm 

■■ ■ 

kg/ km 



Four core cables 





CXI-Tt 04-U04 

1.5 rm 

12.1000 

15.400 

26 

23 

22 

10.6 

150 

CX1-T104-U06 

2.5 rm 

7.4100 

9.450 

35 

29 

32 

11.9 

205 

CX1-T104-U08 

4 rm 

4.6100 

5.880 

45 

36 

41 

13.4 

280 

CX1-TI04-U09 

6 rm 

3.0800 

3.930 

57 

45 

50 

14.6 

365 

CX1-T104-U10 

10 rm 

1.8300 

2.330 

75 

60 

68 

17.0 

572 

CX1-T104-U1 1 

16 rm 

1.1500 

1.470 

97 

75 

89 

19.4 

825 

CX1-T104-U12 

25 rm 

0.7270 

0.927 

128 

102 

120 

23.5 

1245 

CX1-T1 04-U1 3 

35 sm 

0.5240 

0.669 

155 

120 

145 

23.6 

1530 

CX1-T104-U14 

50 sm 

0.3870 

0.494 

185 

145 

179 

27.1 

2060 

CX1-T1 04-U15 

70 sm 

0.2680 

0.343 

220 

180 

225 

31.4 

2905 

CX1-T104-U16 

95 sm 

0 1930 

0.248 

265 

210 

268 

35.1 

3910 

CXI -T1 04-U17 

120 sm 

? lfiV 





39.2 

4915 

CXI -T104-UI8 

1 1 50 srri 

0.1240 

0.160 

335 

275 

352 

43.7 

6035 

CX1-T104-U19 

185 sm 



41^5 

310 


48.7 

7540 

CX1-n04.U20 

240 sm 

0 0754 

0.099 

435 

365 

483 

54.5 

9785 

CXI *T1 04-U30 

300 sm 

0.0601 

0.081 

490 

405 

562 

60.1 

12190 

From Elsewedv Catalogue: chose Cu/XLPE /PVC 2 (3 X 150 + 701+70 mm 2 
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> main cable and circuit breaker 


main circuit 


breaker — 1«25 X I largest D.F I rated except largest) 


main circuit 


breaker = 1-25 x 450 + (450+3X150) = 1460A 



Temp = 50°c -> XLPE -> D.F T =0.9 


1600 


Single cable -> D.F G = 1 Icabie = = 1780 Amp 


0.9 


From Elsewedy Catalogue: chose Cu/XLPE/PVC 4 (3 X 240 + 1201+120 mm 2 
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r 

Cable trays 


Cable Routing 

_A_ 



pipes underground Cables 


1) Cable Tray 
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,£.L]a£- dllj j t>* jt LS C-\ JJ • 

• Standard of cable tray dimension. 


Width (cm) Height (cm) thickness Cover 
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♦♦♦ Standard of cable tray horizontal bend 90° connection. 



Width (Wl) 

Width (W2) 

Height (cm) 

thickness 

Cover 

5 cm 

5 cm 




10 cm 

10 cm 




15 cm 

15 cm 




20 cm 

20 cm 

5 cm 

1.25 mm 


25 cm 

25 cm 


1.25 mm 

30 cm 

30 cm 

7.5 cm 

1.5 mm 

35 cm 

35 cm 



40 cm 

40 cm 

10 cm 

2 mm 


50 cm 

50 cm 




60 cm 

60 cm 




70 cm 

70 cm 




80 cm 

80 cm 
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• Standard of cable tray horizontal bend 45° connection. 





Width (Wl) 

Width (W2) 

Height (cm) 

thickness 

Cover 

5 cm 

5 cm 




10 cm 

10 cm 




15 cm 

15 cm 




20 cm 

20 cm 

5 cm 

1.25 mm 


25 cm 

25 cm 



1.25 mm 

30 cm 

30 cm 

7.5 cm 

1.5 mm 

35 cm 

35 cm 




40 cm 

40 cm 

10 cm 

2 mm 


50 cm 

50 cm 




60 cm 

60 cm 




70 cm 

70 cm 




80 cm 

80 cm 
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• Standard of cable trav horizontal Tee connection. 



Width 

(Wl) 

Width 

(W2) 

Width 

(W3) 

Height 

(cm) 

thickness 

Cover 

5 cm 

5 cm 

5 cm 




10 cm 

10 cm 

10 cm 




15 cm 

15 cm 

15 cm 




20 cm 

20 cm 

20 cm 

5 cm 

1.25 mm 


25 cm 

25 cm 

25 cm 



1.25 mm 

30 cm 

30 cm 

30 cm 

7.5 cm 

1.5 mm 

35 cm 

35 cm 

35 cm 




40 cm 

40 cm 

40 cm 

10 cm 

2 mm 


50 cm 

50 cm 

50 cm 




60 cm 

60 cm 

60 cm 




70 cm 

70 cm 

70 cm 




80 cm 

80 cm 

80 cm 
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• Standard of cable tray X connection. 



Width 

(Wl) 

Width 

(W2) 

Width 

(W3) 

Width 

(W4) 

Height 

(cm) 

thickness 

Cover 

5 cm 

5 cm 

5 cm 

5 cm 




10 cm 

10 cm 

10 cm 

10 cm 




15 cm 

15 cm 

15 cm 

15 cm 




20 cm 

20 cm 

20 cm 

20 cm 

5 cm 

1.25 mm 


25 cm 

25 cm 

25 cm 

25 cm 




30 cm 

30 cm 

30 cm 

30 cm 

7.5 cm 

1.5 mm 

1.25 

mm 

35 cm 

35 cm 

35 cm 

35 cm 



40 cm 

40 cm 

40 cm 

40 cm 

10 cm 

2 mm 


50 cm 

50 cm 

50 cm 

50 cm 




60 cm 

60 cm 

60 cm 

60 cm 




70 cm 

70 cm 

70 cm 

70 cm 




80 cm 

80 cm 

80 cm 

80 cm 
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• Ladder tray 


ya <_]£d j — ^JaULa ^ya l£. j' ■ ^ ^ (_]£. till I^A 

^laULall dll j d£U£ll ^ya A 1 foil (jL<^.bU dl^ljl£JI ^aJ^Lui 
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Straight Ladder 




Internal Bend Ladder 


External Bend Ladder 


W2 



Reducer Ladder 



Flat Tee Way Ladder 


Ch7: Cables routing 


141 


Power System Distribution 


Eng_abdelmonem shaban 



Flat Bend Ladder 



Flat Four Way Ladder 


Dimensions tiimii 

Width 

Height 

100 

50-5-100 

200 

50-5-100 

300 

50-5-100 

400 

50-5-100 

500 

50-5-100 

600 

50-5-100 

700 

50-5-100 

800 

5 0-5-100 

900 

50-5-100 

1000 

50-5-100 
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, (J JASSaJI J jSJt (JA *LaI& LjUZ^^La 


>C 5 JU]| J£aill£ aaju ^a ^ j£j <jl c_l^j l cjQ-vtl jLiill ^UjouIIj - ) 


L-lix^allj ^ j±ia ,jlV I jl C_lL^a]| ^JatLa ^ S \]y"' ^ajl jlj CjliaA* j Cj\j j£^a £_L^aJ-Y 

<jIa^ £ja <LjSljJal AidlaJ ^JajujVI A^Jlx^a <LijI£^I lAj^aJ V 

b A-Lo11jl 1I djlsjL^al ^ja Ia jJiQj La jl A j^jL^All 4_LuoLiill djlij^sal 4 q 4 L^ \ g » j^'n. 
<J>al <jj£jj L_1IC. jl a jJaJ A-ilLkj AjjlLaui ^ 4x* jWqa\1 L-J^J -V 

ci^ cl)^ (J C-Jjud^.j jlilj Ai^ (J£j ^JaULa]! £^o^Jj a Clj^Ll£Jl 4 \\ 4-j^aLi. L_fl( dili Clj^LlSlI 

C1j^LI£JIj ^)jJaJ Lo^a 1 ^ J dj| jlnll jl S^L^Jl L_fll ^^11 (j^.1^1 L_fl £ 

\ A 4 *1 1 ? 1 J\\ \ 

<jIa*1j L^J^UaJ jl Aiil^JL La] lAx^ail AjJa A^Jlx^a Lg-J 4j^aLiJl ClnjliJl ^}l ^]j Clj^Ll£ll J-al 

a ^JjoJjuoI-J 

a dj^L^a ALaL^Jl 4 iv W *\\ J^LigJlj ^jjjudl ^oll (JLa LaLoJ 05bl£l! LJL^J-1 

Jajl^a AJajoil 1 g j\c* CIujjj SA^Ij AAlla ^)j£l (J^^n V C*n^j ^^Jl C5^ Clj^Ll£ll -V 

.A^Lk 
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<L5L^> )aq\l J^aL^ (_£ I ^j-iLL£ J£ ^ j±j <9Ljuia]| Jjlj V -A 

^9 L<a&^)j£V ^-^^LiJI ^Jaall l q* AiLabdl Jaj Vj 4 *1^.1 ^]| ^^lall 

. jjWI 4-£^ 


Clujlij lil l.^nj jLiilVLo^J Ig.V.xa cU£j l.gb^Vn CjVIjL^II ^l^klLojlj 3JL^JI &AA <^-9 ^lilLuiJ C* n^w 

.(Grouping factor) 53 * ^ 1 c^XaU.* c_i^j -oli IgJ J^UJI ^ j^JI chilli 

^1 j-^Sn <jj-^J u' C5^^j J-^VI C5“^ J-^ 1 -5 J^ ^dalLa CljliLuua ^c, J>al j^Jl C' \\f\\ -) ♦ 

.AjuL^all (Jj^J ^j>a J>al ^^JL j 4-x^al-iJl ClAju^)ill]| j 

J^ (JJ-J AiLjabdl *ljJj VI ^-Crl^)J ^ jJa^)xlLub&]| ^j|^)-jal]| Cljli J^al ^^Jl ^l^liiajl ^9 ) 

y * qc. (jjjjliiw 

V C1l9^)^jI <_pt*Jl ^)j| jAJl jJ <-pt*Jl ^)j| jAJI <j_C* jJ^ll ^)Jl - ) Y 

i^-jjj o' -^'j ji j is j'j^]' cij!)IjI£ Fire Barrier lsj^ 

CIjIj jLa 1j jl S^LiJal CjVLjLS £^<a JLg-2sJl CjVLjLS Jhjuo jlxall Ag-zdl C1 jVIjI£ ^jJali V - ^ V 

_^joj V * Id AiLubdl Jaj V (j! -la^)jaiJ * jJaJ jl t *l^.lj J>aL^ ^9 ^j ^ 9 j 

Ja jJai* CIjVIjL^ C1ul9 j jJ <jV ^1 J-jVI j J-Ul j CIjVIjL^ Cll^J CjLj ijilllll C1 jVIA£ £jJaliV - ^ £ 

J CjU jiiilill Ja J JVLi. (JiSL CjIj J a J-Iai. ^Jc* CllJ j 9 jlj£ ^ % ♦ ^^Jl (Jj^aJ ^jli j (Jiill 

Jl jSlJl ^jl (j^<^ 
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( 


PIPES 




UUx 


^ ^4^41^4 A t) JJUa\ Ja1\ p) jl\ 

PVC *fat>. p 



(UPVC) Unrecvcled Poly Vinyl Chloride (2 


gj*a ^11^7 ^jUuiI^aII 0«id _J. Lg r J ** '~" jLx*a (JllLiy^o (_g\ (_g-lc- J ' l ~' v - . 1 V cJ^ J ^fjbtJI P\/Q ^jJjjiI^q 


' I j?l laSL uJl ( i£uJl (JjjS L^alj^SujI ^jj 4. il£j ^±57 { _J^ j P\/C cJ '! _Jr^^ 
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A^ja j^\ja (3 

JaSLuJl i QQwitl 




EMT - Electrical Metallic Tube (4 


al^jV! ujju 4 Lil a *J| Aic- ujojI li ejlA , Ju /'&aj 
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Cross section area of pipes 

^JaLa 4^.Lul4 ^ja ®/q £ * — aLa <a.Lma 


Where 


d: Cable diameter. D: Pipe diameter. 

LgjlS (Jaxj ^jjjuoI eAA (_ jV L . T ^ ja (_^lj (J^ * Ui ' j (jl -;4»alA AJa^^La 

j j jIjj l^j [Secondary of current transformer] 


; ^ (JjISII £*ia j c . tdlil 

S Pipes made from PVC. 

S Trays. 

S On ground. 


* \ 

Underground Cables 


Cfi - > 


JaSfl .1^1 j JjIS AJLa. ^ 


~ ‘ ti ^ * Q ^ 1 a \1 ^ *N. \1 (JjlSl ^JOJ £ * ~ L ti 


ejia. (_pajV I ^ jiaJ — ^ 
.Ja^ui^Lcll (JjlSl iill.A \j 


Compact uj^ A -^ c - lUj ^ ^ 

SjiaJt <- a.^iliA (JjISII £*iaj ^aJ — V 

^Ui ^ja ^ajui Y * (_J-a^)ll AjIc. ^jJaj ^aJ - £ 


, JAm lilfuj £_Ja j jl ^J^Jall jjaII 4 _i jia A ^5! <3ji ^iiJa L_1 i_jJa £jJaj ^aJ -© 
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ejiaJI ^ AiaJl jill ^ ys ^C*Ij £jJaJ -1 

(j^U! ji £jJaJ ^juj V % ^Jl -V 

6*M* 4JU 

(_Jjl^il ^jjj Y * jt.iiLaJ ^juo *1 * ^ajuo A * l a ^<~- I ^ 

(<^VI 


Compactuj^ -sAc- k» * ;vi ^ <_Uj ^ 

-auuj £ ♦ l^g Vn AiLou^l <jj£j C* n^k j <JjI£1I J (JjVI (JA^JI £jJaJ -V 

CLs^IjI£1I (J-1J Ls ^\j 4-J jia £jJaJ - £ 
^.1 j (JjI£ aSjLuJI cIjI jla^JI ^ 
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Design of Panel Board (Lighting +Sockets) and Wiring System 

: ^ LjUa^La 


IgJ JjlLdl A-^UI A^lj A^^ Aj^lll Jj^ 4-^7 


<1 j^juj (jL&jJal JjjIo L^l U^J jl )l^dl j! Adltlll A^jlII lg-i}J jl 


jU.jU <j\jj^al|j Jji- ill 


\jL-G JjJjj &JJ JlxL^.1 Aj,^ij '^LlA £-LaJ^ 6 ^■bll ^)j|^]| -Lia A^LuLLdl JLl^VI Aj,Aij ^jj 0 




(jLkjuj jl L <nj^*i J£ : Jlldl Jjjuuj ^^ic^Aij^aiLa ^)j|j^ ^ IglijAiu ^aJJ JLa^.1 


JLa^l AjI 4ju& l£^xj Al/iqu a] (jij^ (j! 

CjUc-jJ <j£j ^JLa 6^.lj ajjlj <j^a Ig jJaxJ AjjISliaSI CjliLuo^ll ^uVi ^aJJ [HI 

ajjl djlal juo£J AjjixaSI ^)jI^]| (Jjo^j V AjjIxJI gjIjVI CjtaLa^ a ^ 

CB Jl (Jj* % 80 (JC* Ajjj (jl c_l^j V AjC^) 3 6jjl^ J^ (^5^° C5-^l J^^l [HI 


. Alx^aJ>Q Jaju Ja^JI (jl^ lil Aj^ali. 


a-i^j CB rating Jl c> j£l uj^ u' ^ wire rating tSlLJI [HI 
jl ,^g ^ j£ ^jjojILg ^jj£j <jl A_alli^ ^b^l jl A_alli^ ^al^VuJ Aic* [HI 


^I^jVI *1^.1 (JjJj 3 ^I^Vud ^9 Uai. C* iK) V L^)^^l (Jj^I^aII ^jC- LaLaJ A-all^a 


• J^l ^ c> 
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sjbyi jj ^lill jl SjIjVI VI ^C'Ijj [HI 

.^jlrka S^judO (JO S*l^.lj Ayjl^J 4yC^)3 Sjj!^ C5^ 

^L^xILolaIIj (power socket) (c 5 jiil i^U) ajjIj^II i^Ull AJU ^ ^ly 0 

SjjudLlxi (JjL-aj3 (jl ( ^cJI .. AjjJJ jl Ayj^J S^^UAyjlj^£ ^Llg CjljLijud )^x-al^ ^yaljC-V 

.^Jaljill Igy AyjtgJ SjjIaj 
A x-jj^a (JSI jl jjka O % IgU^Lai^ Aijiu AyjL^g£JI i^Ld! (jA Ak- ^ty 0 

JUl^l ^IaI cillij j till I JlA 3 C5^ <jj£j (jl Ayjl^j SjjI^ jj^I ^Ac* 

AJL^ ^ij aj^^dl ^jjdik <jJ.li.La <j-a jj^kjLi jjL-a jj* 1 jjj CliS j3 V A * .^g.'vj jIjj J 

Ayjlgi 4yCj3 jjIjJ C5 -1c' iiLoll £-JjJ Sjjjj^a J^VI ^5 xiajal I A] j^a jj£VI L_fljiJI 

<j-a jjia <j£ ^.liy 1 JLildl ^c - \jj i jLiiil Aylij <j^ 4_alii^ jljlal <j* 

^Ac. (j-lk^aj^a jJjl^^. j^aiuuo jjd.aL jl l*13Aj Caj^^JI <ja ^iiiaixa A^Luia jlllll jljAal 
.AjAilill j )jJa A^iLu .liLa £ l.A*aC jjj>a* i ^ j AAL^AI gAa C5^-J 6 jJfllii^ j-jjAa 
Loj Ayj£judll dj|.l^j]| ptjLLa^aj ClLaLa^. ^3 L-J^jJ ^llll ^.1^11 jjJall dlli .wl^W AjjouIIj 0 
AA tg-La jUai.1 dlj^ <JxTWj AHjIj S^-^.1 Aylill] ^^JjojJ ^j]| AiLcAl tillAi j IgJjUy 

L-jUaSl Aj^Lj Clli jj£j (jl ^^IjJ ^4 JJ*-^ jj£j C5^b) ^^^1 

(<juyfl]|) ^jjdjta]| A-Lajudl^J A, iV^a.^\l S^^.VI (^aJjtli lla^j jtiiU ^jyjias) 




CJ^- 
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Spl-llt (jjjflj ^glc. L ) £ - ' a 1 S^C- Jj- ^ jP j E 

(dlljS rA.) J Ai^)C. (J;i*^a jp ^a^c. (J X ^aflP E 

(jj^ AJj£ll^ SjjIc ^lo 1$ \u^ (^yax-l CjI^aa]| ClAaLui^ (JjCaSJ [HI 

Cjliljui£ ♦ “ %Y C^l (JjJaSJ ^^)ju1a]| ^a LsjLA 3 aJI^> ^ 0 

Ljajl ^]^Luall dllaLua^ Ci.1 I'V j Lo£ LSjLA 3 Se-LjaVI 
(J^JU C* n«yi IgJ Aj^aLk A-^] IgJ <jjfL}j <jCaJU dlliLi^ <Jjj^ Jj 1 >j 0 

dj^ll jLn]| ^Uakjl aJU. ^J3j (_£ClxJI 

(_£Ct*JI ^ C*n^k j lg_j AjL-al^ A^ji lg-1 J (_£Ct*JI dllaljui£ (Jjj^aj3 C t 0 

(J^xj V ^Lii!! ^Uakil aJU. cJj^ ■*!! (3^ 


SpLjaVI SjSLIJ (J^la ^y*-^l 0 


ill uMI 


J jSlI Co I ja ciiic^ J <-UJ jjjfUV I CCbudJjllI J S* LjaV I ^L-LiU^a^ ^ jjklll l^)lii 

^1 Ajj1j^£ 1I Ci.Ldl jl SjIjVI CCo Cjjj VI ^oIjj^ ^lo Cj£ll <jl C* n^k 

CjSlI^^jli^ Sjjuoo ^jo Sc^lj AjjlgJ A_jCy)a s^jIc ^lo (Jx>Vi ^jIIj SjIjVI 6^g_^.V (J^xIjuoj 
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< 2 -^ jla 0.85 100 WATT ^1^11 -d' ^)mj q\ cin^j 

1200VA 


(VA)*j311I 

^ t jLA\ 

C*IU1 

1200V A 

16 A , MCB 

3X3mm 2 

10A , MCB 

3X2mm 2 


SOCKES >5) jilt f>4^3j Uti 


TYPE 

STAND ARDtVOLT- 
1 AMP) 

DESIGN 

LOAD 

C.B 

CABLE 

Single 

socket 

16A 

250V 

250VA 

16A 

3X3 m m2 

Double 

sockets 

16A 

250V 

500VA 

16A 

3X3 m m2 

UPS 

sockets 

16A 

250V 

DEPEND 
ON LOAD 

16A 

3X3 m m2 

Power 

socket 

20 A 

250V 

DEPEND 
ON LOAD 

20 A 

3X4mm2 

32A 

250V 

32A 

3X6mm2 

column 

sockets 

20 A 

250V 

DEPEND 
ON LOAD 

20 A 

3X4mm2 

truncking 

socket 

20 A 

250V 

DEPEND 
ON LOAD 

20 A 

3X4 m m2 

3ph 

sockets 

16A-20A- 

32-63-80- 

100-125 

4000V 

DEPEND 
ON LOAD 

16A- 

32- 

63- 

100- 

125 

Calculate 
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TYPE 

DESIGN LOAD 

No of outlet per 
circuit according EC 

Single socket 

250VA 

6 to 8 

Double sockets 

500YA 

3 to 4 

UPS sockets 

DEPEND ON LOAD 

ups <J£ J*aL 

AjjLaJ&V! (JIa :l! 

Power socket 

DEPEND ON LOAD 

One outlet 

One outlet 

column sockets 

DEPEND ON LOAD 

One outlet 

trucking socket 

DEPEND ON LOAD 

One outlet 

3ph sockets 

DEPEND ON LOAD 

One outlet 


0 

0 

0 


.JaaJI j_j^j 

U' jU^C-VI C5^ la>S/l JaaJI (J^aj ^gic- (8 - 6) fii 

A o 1 J ‘ ' ■ ° ^ ~ 


_1 ‘ 


AjjLaJC-VI (jLajJal ciUij .i^jj Jaa. ^Jc- UPS - Socket cJj 1 ^~*J}"' cJ^^J 
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HA/. AC 

[Heating Ventilation Air Condition i 

Types of Air Condition: - 

(1) Central Air Condition type 

(2) Direct expansion ( D.X ) type 

(3) Split type. 

fl) H.V.A.C: 

. (Central Air Condition type ) eg e uftil l p 
MW 0.5 ^ Jdi J 

(1) Chiller (2) Water Pumps (3) A.H.U (4) F.C.U 

AiUall ^ jL^sjaVlj dl-la-dl ^ jjSjdl f-uudill ^ £ jdl IjlA 

.ojjjSII ^ jLabdlj j ^Uill (JiLa pistil Jli-iiyi dl j SjjjSII ^gjlxdl <Ua!.lidd 

dl >nl iS dlj Loj (jjSj (Water chillers) ^didl eCdl dl.d ^viml ^Uadl ^ ^ii 

Aijld dl^.j ^ (Centrifugal) *^jUa J (Screw) J (Reciprocating) 

*' jj *' ‘dj^-ldaS (Jc ^ >idi ^1 j (Air handling units) <4 

idL ^ILa j) gJSJI frUlL -djiij ^Sj (djAM <-«l« ^LLa j (Supply and return air fans) 

^ £ 

LjjLjj^S yjadj]! jjSj jl AjMc ja cp-bai ^ ^IdduL jjidll jjSj d (jjidll 

.<. iiS-dl C'l 4_nd]l >■ da3 ij -- JaB j) dLa jULa ^l.lVnulj 
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(D.X) type (t 

£ j-^») ^ uj^j Chiller o* t5 I& j£lj <_£ jS <■ jfi*j 

^ ^ j!lLa — 4 -Sjuj — 

( Split Unit) Al^aiial) (r 

(kk^C-'j JiLa J j , ^ a (jlS-a U *° i J D.X L>^ ^)* 1 '** L a ' 

; ' ujLLma. QA^a JaJj ^ jaI p I jj) 

Exhaust Fan Jjlati rjl>» (1) 

(^> — (jjd-}9jV! — CIjUU-JI) ^9 *1^. jJ La LJtc* S^^)Ua 

Smoke Exhaust Fan c^jl rjb* (2) 

^ ^ <9^)C* - c.Uji ^ (jLk^ll ^Vu*n 

Pressure Fan rjlj* (3) 




luJ 


Hand Direr and Heater (4) 
Cooling Tower (5) 

l cjjCitl ^jLiloil AAjsuhJ L on<^\l jLaC.1 £JA*\ 

^jLulLajI aAjsusj l CIjI^j jUiklj ^j^Lal £Jjjli 

4-x^aL^Jl ^ jjUll CljL^. j\ * J ^ *■ ^aJ cilSi£j ^LLudllj l q y^W ^3 l LjSoll (jLa^J <9 ^jl^ LLq L-J jlia^Jl 

^LLoll ^-Ic- l <31 Kill djL^. jj j ja£9 l Q y^W ^Ic- (J ^IAa-oJ j l. q \ &\W \ 
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(1) Chiller 


Central Air Condition type 





Normal 



Cold 


; < f k' “M ^ ( <-ua jj La LlSIc> 


1.1a. ^Ic. til jj^a jAj^aj- ) 
ojJjS 4 -n\ *j.i<a ^llaj -Y 

O « J CJjS Y A « <J>wu .13 j (jia A© « oLloII 0}1jj tlll^j tlll*-uj 

(Soft starters) o^' J ia&L^l tsSjau» jljIaVl 

j.iil V O * ^J| © jjjSII tl)(.la. jll ^ ej.13 .13 j 
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KVA J] jjV tSllil 

(1) ITon ■=> 1.5 HP (HP= KVA) 

(2) 12000 BTU ■=> 1 Ton 

(3) KVA = p F ^ o .8 

KW 


*V^Udl -JA 


chil 


er 


Motor 


i 

I * 

Ton B.T.U 


Jaia ^ Chiller 


(2) Pump 

Used with chiller to make supply and return to water from FCU and AHU to Chiller 
No of pumps = no of chiller 
Pump is closed to chiller 

Pump ■=> motor (kW) <> 
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[ 3 1 FCU j Fan Coil UnM 


Cold water come from chiller and then returns to chiller as hot water 

(l) ln Summer: 



JjLj ?.1jA A±^ij]l (jA j 


u-a j (Fan coil unit as Fan) ^11 11 1 Jaia Ja*j <■ ^ 

KWorHP^I (jjLiLul 

(1) In winter 

Fan coil unit as heater and fan (Fan + Heater) [Fan «< Heater (as a load)] 
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(4) Air handlincj unit (AHU) 

FCU Heater & Fan » ^ s j FCU » jW^ 



In summer: [Fan] work only In winter: [Fan + Heater] work 


❖ Load calculation 


In summer:- 

(1) Chiller (2) Pumps (3) Fans (F.C.U, A.H.U) 

In winter:- 

(1) Fans (F.C.U, A.H.U) (2) Heaters (FCU, AHU) 
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❖ Summer load > Winter Load 

So, we sizing the transformer on summer load and sizing main distribution board on 
winter loads 

Maximum load absorbed from transformer when 

1. Chiller 2. Pump 3. Fan (summer load) 

❖ Maximum load absorbed from distribution board when 

1. Fans 2. Heaters (winter load) 
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( 


Example on project 


) 


■ tlAjjLd) QA I^LIA jj\ ^ 1 JjJjHi ) JU^i (jj££ 

1) Chiller 

2) Air handling unit (AHU) 

3) Fans coil (FCU) 

4) Exhausted Fans (EF) 

5) Water Pump 

6) Sewerage Pump (SP) 

7) Smoke Exhaust Fans (SEF) 
fl) Basement Floor: 



Quantity 

MCC 

Load (K.w) 

Fan 

Heater 

A.H U-05 

1 

MCC-01 

25 

30 

A.H U-06 

1 

MCC-02 

25 

30 


f2) Ground Floor: 



Quantity 

Cooling Load 

Load 

(K.w) 

Fan 

Heater 

A.H U-01 

1 

MCC-03 

25 

30 

F.C U-02 

4 

15 TR 

0.25 

2 

F.C U-04 

8 

2.5 TR 

0.25 

3 
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F.C U-05 

6 

3 TR 

0.25 3 

E.F 05 

1 

- 

4 

E.F 02 

1 

- 

4 

E.F 01 

1 

- 

4 


31 First Floor: 



Quantity 

A.H U-01 

1 

F.C U-02 

14 

F.C U-04 

5 

E.F 01 

1 

E.F 02 

1 

E.F 03 

1 

E.F 04 

3 


MCC-04 


1.5 TR 


2TR 


41 Second Floor: 



A.H U-03 


F.C U-02 
F.C U-04 
E.F01 


Load (K.w) 

Fan Heater 


25 


0.25 





Quantity 

Cooling Load 

Load (K.w) 



Fan 

Heater 

1 

MCC-05 

25 

30 

17 

1.5 TR 

0.25 

2 

2 

2 TR 

0.25 

2 

6 

- 

4 
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E.F 02 

1 

- 

4 

E.F 03 

1 

- 

4 

E.F 04 

3 

- 

4 


f51 Roof: 



Quantity 

Cooling Load 

Load (K.w) 

Chiller 

2 

MCC-06 

MCC-07 

250 

Pumps 

3 

MCC-08 

30 

SE FAN-01 

1 

MCC-09 

30 

SE FAN-02 

1 

MCC-10 

30 

SP ZF-01 

1 

MCC-11 

10 

SP ZF-02 

1 

MCC-12 

10 


Design the distribution board 
(1) Basement Floor: 

1) AHU-05& AHU-06 fFan = 25 Kw. heater = 30 Kwl fMCC-011 fMCC-021 

S = —+ — = 61.25 KVA I i. oa( j = 1.5 * 61.25 = 92 A 

0.8 1 

IC.B = 1.25 * l Load = 115 A C.B = 125 A 
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C B 125 

I cable = — = — = 156 A From cables catalogs the suitable cable 
3X70 + 35+35 Cu/ PVC/ PVC 


To calculate the main C.B 


main circuit breaker 


-1.25 X I | ar gest + D.F (£ I 


rated except 


I main circuit breaker - l-25 x 92 + 92 -207 C.B-200A 


200 Amp 0 rn/i 

Icable 08 250i4mp 

We select cable (3 X 120 + 70) + 70 Cu / PVC / PVC 
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(2) Ground Floor 

fll AHU-01 fFan = 25 Kw& Heater = 30 Kwl fMCC-031 

C.B = 125 amp 3 * 70 + 35 +35 mm 2 Cu / PVC / PVC 

f21 FCU-02 0=4 

Fan = 0.25 KW& Heater = 2 Kw 

KVA = — + 2 = 2.3 KVA 
0.8 

lrated=4.5*2.3 = 10.25A 
l CB = 10.35 * 1.25 = 13 A 

f31 FCU-04 

Fan = 0.25 KW& Heater = 3 Kw 
0.25 

KVA = — — + 3 = 3.3 KVA 
0.8 

l L0 ad= 4.5 X 3.3 = 14.85A 
l rated = 4.5 X 3.3 = 14.85A 

I c .b= 14.85X1.25 = 19 A C.B=20AMCB 3 X 4 mm 2 Cu / PVC / PVC 

f41 FCU-05 0=6 

Fan = 0.25 KW& Heater = 3 Kw 

KVA = 3.3 KVA C.B=20AMCB 3 X 4 mm 2 Cu / PVC / PVC 


C.B = 16 A 3X3 mm 2 Cu /PVC /PVC 

0=8 
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f 51 EXHAUS Fan 05.02.01f 4 Kw) 

KVA = — = 5 KVA l Load = 4.5 * 5 = 22.5 A 

0.8 

C.B = 32 A Cable = 3X6 mm 2 Cu / PVC / PVC 


Main C.B: 

I main circuit breaker =1-25 x 92 + (4*10.25+14*14.85+ 3*22.5)/3 =220 
C.B = 250Amp (3 * 185 + 95) + 95 Cu / PVC/ PVC 
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3. First Floor 

I main circuit breaker =1-25 x 93 + (14*10.4+5*14.85+ 6*22.5) =230 



4-Second Floor 
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5-Roof 

Chiller 0 = 2 POWER = 250 KW fMCC-061 & fMCC-07 

2^0 

KVA unit = — = 312.5 KVA l Lo ad= 312.5 * 1.5 = 468.75 Amp 

l CB = 468.75 * 1.25 = 585 Amp 

C.B = 630Amp lcable= ^= 700 Amp 

Cable = 2 (3 * 120+70) + 70 mm 2 Cu / XLPE / PVC 


KW = 30 fMCC-081 


2 operate + 1 stands by 


KVA = — X 2 = 75 KVA l L = 75 x 1.5 = 112.5 Amp 

0.8 r 

l c . b = H2.5 * 1.25 = 140 Amp C.B = 160 A I CaMe = — = 200 A 

0.8 

3 X 95+ 50+ 50mm 2 Cu / PVC / PVC 
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❖ Summer Load 


(1) Chiller (2) Pumps (3) Fans 

Total Load = 2 * 250 + 30 * 3 + 25 * 5 + 0.25 * 56 + 4 * 16 + 2 * 30 = 853 KV 

853 

KVA = — — = 1066KVA 
0.8 

s J 

When we sizing the transformer must take KVA o AC at summer Load = 1066 KVA 
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h 3 H 



±\jJ\ Ai>]l 


Rating, of split unit 


power 

phase 

1.5 HP 

lPh 

2.25 HP 

lPh 

3 HP 

lPh 

4 HP 

lPh 

5 HP 

lPh 

6 HP 

3Ph 

7.5 HP 

3Ph 

9 HP 

3Ph 
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Calculation of power 



VA/m 2 


100 


150 




A^LuiaJ) 

100VA/m2 

uiu£l!l S jJ£ 

)- 

30m 

100 

3HP 

Y- 

18m 

100 

2.25HP 

V- Aijc. 

24m 

100 

3 HP 

t- Aijc. 

20m 

100 

2.25 HP 

o_ 

25m 

100 

3HP 

1 - 

15m 

100 

1.5HP 
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&1.hltHJU 

Description 

Sd. 

C5Zh 

dn-==-m>md r""ireh 

3 

LSJ-h 

dbcEmtcnd 

J*A 

2 

1 H - H-| 

div=c-nn*cn-J imirh 

J 
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POWER 

RATED CURRENT 

CIRCUIT 

BREAKER 

CALCULATE 

CIRCUIT 

BREAKER 

CABLE 

3HP 

4x4.5 = 13.5A 

18X2.5 = 33 

32A,MCB 

3X6mm2 

2.25HP 

2.25x4.5 = 10 A 

10X2.5 = 25 

25A,MCB 

3X4mm2 

3 HP 

4x4.5 = 13.5A 

18X2.5 = 33 

32A,MCB 

3X6mm2 

2.25 HP 

2.25x4.5 = 10 A 

10X2.5 = 25 

25A,MCB 

3X4mm2 

3HP 

4x4.5 = 13.5A 

18X2.5 = 33 

32A,MCB 

3X6mm2 

1.5HP 

1.5 x 4.5 = 6.7 A 

6.7 X2.5 = 17 

20A,MCB 

3X4 mm 2 


4xTfi+TB mimCu 
FWPvc 


DB-A/C 


Digital 

Maters 


40 A 

•' - MCCB 


■f- 




eT =t 


«N, 


F 

£ 

§ 


A 


> 

LL 

0 

> 

D_ 


32 A 


7 


300 V.5QHZ.T5KA 


25 A 

Mce 


1 


E 

E 

•TO 


RJ 


A^20A 


MCE 


□_ 

D 

> 

LL 


■Mo 


3 

m 


BRJ 


> 

B: 


cRJ 


ATCOutfert 
3+1 spans 


Ai'C Outlet 
2+1 spare 


A'C QurtM 
1 + lspaire 
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^9 LaLxJl ^C-L^a^a - ) 

*Lu£joi]| ^jLiaII ^9 ^C-Lx^a^a -Y 

^Ljjojjuj^dl ^9 ^C-Lx^a ua -V 

~\a\\ ^9 ^£*1 ks-ia - £ 



(J^ judll ^9 La£ u' cl)^^!j ls ^ 9 k <jl (J^H 
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<lul£ll - ) 

*** 

j^J! Ci'UZ _Y 

j^ji cjLlsu _r 

^Vilt CIjI^x^ - £ 
4J3I (JSj 
a £ -1 

# 3^ji (T) j cy^i ^ ^ (i^ (J^ju^i ixi 

AjuJ S L-iill <LjjIjj ^UaJ ; ) Ljajl Axlilt AjjalJ (c-J^ J < HI 

A-ill*Jl CjIc. Jjjl dlli Cllljj£jli]| <11^. ^ ^^kjjuaJ tgili 111 (L_al]| Aj^LJ 

(m/s ^.° c^j ^ .°) cJ^ ^ Y ; ) ^Uaj (_^.) [x] 

^Jl 4Jjjia (jLl^Jl ^9 J ^ Ai^ij 3?^ S^SLjj Ai}£La]| <jj£j (-&) (J^jaill H] 

Y ^1 (Jj^aJ C1 aIc*jjujj jj£li Jjjl jla ) ♦ dlli AjjhVI jl *Lu£joi]I ^La^II ^ ^ jill ^^klLuaJj La 

^ * * * cPl ci*-^ ^ J m/s 

„l ~w*i, nl t '^O-n. 4_ic- ^j>»' ■»**<. Hi /_J All j^a ir-j^N -a ^a A5lla]l ^flilu 

4 , >.a-s dllc-^jjJI dllj L "'' a J.'^‘''^ ^ AijiaH jlull dllj Cjl£jj>-all 4 j£jj11oj_! dll£^p-a 

d)l£^)^a (j£-aJ La£ ^jjJC.^01 jl oA^lj Ac. j juo dllj (jj^Jj cll/^ ( * V O ^ ^ Y £ # ) ^jjjLa 

(variable ) ^ j' (variable speed) cjL hjl * jUi 

(VVVF) ^ j' voltage 

: l^jj 2 uj^j 4i£U u£? ^ Jj^' (j^j 
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1 QA (jj^A LjijA Aajj <G1 A&Lyfl.a AjJxII SjJAil JjAajI ;Jlla 

Y^y ' 4 aLui<9j (jjU£ 1* AjAaj fri Aflj ^£ ^jjUail pl&jjl 

Lg 4 \l L-jL. .'■%■ ^jj Axj^-dl 4 -^.Lui^q 4j^a V jl IU 


2 

NO. Of person per lm =4 person 
NO. Of person per 3m = 12 person 
Average kg per person = 80 kg 
Total kg = 12 x 80 = 960 kg 

£ jjaII (jt AjjoiLl2I A£.^uJI JjjLuiH (JjAaJ! qa Aa. ^ y^l' qa UjIj |x] 

^ Y £ ^ (Jjia "l Jjjljla]l AAC-j jla 

)lll dll A Ax ■ ^-nll Ajj£Lo ^AdHudj & * 11 (_£A>uj ^Axdl (j! du^.j (J jA^JI 4j^a Ixl 


Ag -n. 11 ^ja'u j dj/* ) '& 4£.^yx AA^j j 


JjA^Jl ,j-a 4 j £ j^ulaII JjlLj { - Ji (j£Jj 4^,.daljj3l 4P j-u4l ; Aia j^la 


Jupili 

tsM\ 

r 1 

(ii-J 


d£* 

Wr) 

LfV 1 

w 

iLsui 

r> 

j 

^ h> ii ju 


ilM ClM 

j' 

£ * - t > 

Jtffi 

1 - ■ , Ys 

: c - is 

djlA 

¥ - ^ 

oc - \ 0 




11 

4jilt 

H 

■; * 

4ji£. 

a» 


jA^ri J|A- 

J*" 

Y < 

■ 

jjAj 
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4 oVi-v ^ CLjV Cj ilj SjBBj Ac.^)jud AB^laJl Lilllll AB^laJl 


UjLuj Lb^ Lg£ ^jjjI! dsli Sj^S ^ aSVW a ! m/s ^ . 0 ^ic* 



<jl AbjLuiII AB^laJl ^jjjj^)J djL dj|*lx>aj W ♦ * aJ Cj i/^ ) Ac*^)juj Ale* ♦*♦ 

j til ^ Y ^JjLalJ A^J j\\ SjBB 

j <4 n=mr = cjI£j^J] aA^ui sjjsii ♦♦♦ 

,\ ic lialj cab j \\ ^bLj ^jj-^jj (j^a -Ll^b % £ * j-^. ^b cl)j^ a^J x«o*dt cl)^j 

UjI \ g K 1 g Uc. (Jln^^l (jJ-9 ^ i i^lt (d^L Ac* ^B ^jjIj£JI b^c. IbI AjIb lilj 4 qVi's^dt ^)IjBVI 

(J->aljL>a <ji .V'N 1 (J£jud]| (J-^J JjjLjui]! (J^ A\1 ^B ^jJa Lo£ Ac* ^ l\L A^> ^LiIb ^r, u-oj 

%A ♦ ^A a! <c. Spli£]l C1 ajI£ IbIj # ♦ # VV jA (jjU£ Cj!^ C—lUall 

j <Al V £ £ = * # A /% # VV * VI ^jLujj ^ n^dl 11 a bc>\ AjK\ 1 S^)Aa]| ^ u«q*ib 


ChlO: Lifts and Escalators 


180 


Power System Distribution 











Eng_abdelmonem shaban 


4 . dc* S^alLaua <L^aJ 4x*^)judj (jLaVlj 4^1^11 j-}9 jSj ^J^Lud]| jSJ 

. jUalul dljj9 <jjdj <LLj 

dj j ^ *"1 . * j ^ ^J-liCr^JudJ \\ S^Lc* ^]^Lud]| £>jlA 

La 4JjJaL&lt j dlli ^9 4 l>>q-v \*W 4x*^)jai]|j Sj^)ill dl^)j9 ^.IjjI <Lj]LxJ! 

.cJ£ J\ (jd* \\ (J^LaUi A-i]1jlSI 4*C*^)jal]| (J Id 


iSjaidl *£lLJ (i\Sjay» 


Itb 

A 1 * 

(^j) aLJ <jJa jC- 

* * ' 1 ~ 

■ i ^ . J1 * * t ^ da 

U ■: 

fflf) ^>J 

V.o 

V.o 

| j>dl) ji'l _jjl tiljajd ;-j22 

l.o 

1 - 

d.i j d^i-4 

jP UjjI ^juaflt 
pdJ J uaJL^4 
^ hfJ -Id 

\r.o 

v. 

djji-o V 

if. 

r. 
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C 


Bus Duct 


) 


Bus Duct -St ;>t.ia^t 

Ul>S 4 ^ J) \*\A jl CjI jU S jUc* J& J Bus Duct d£Ul£ll Jjjb <ilUA 

(JfU& (J^U ^ g j (jC* 

J-jJaLUl J ijVl ^ i x^j i CllVUaJl j -JJ^ ^ 3-9 C-£U\Kll (JjAjS Bus Duct — ^ ^Vuajj 

^l^lkj-juol ^ UK JUJ ^ ^ J ^ U A^alSl ^aU^LUl ^)_JC* (J-^i ^J-j^aJ lAA 4 4^_ilUJl ^l^)_jVl ‘LJLa* ^_9 

Cj^UIKII ^ jjK 

4 __illc* ciil jLjj (J..^Vi cIj^UIK 4 _ 1 L^> Ujajl bUja^ Bus Duct — ^UVUJ ^J-j^aJj 

^1_J Jt—xjJVt jt— lx jj-lj j' LJU> ^g-a ji 4 U jL_xax Jj-Ja ^g-ic- CllL_*Jjaj 1 ng'l x .i-ljJj 

J> Taps -J' u^“ U^-i*a 4 J-lV cliij j-x Jjli CjLxjjajll ©1 a j-x 

. ^VlAllI jjiix jjjij <># jJ&i j_u^i Bus Duct -1' <*1 .j*ll Plug-In Units -Jl 

4^1 ula (J « J jKj j Kl cls^Ul £ll (J a <jj 5la ^ C> 1 g.'sU^kj ^ ill 4^1 ulaII <jl ^ 6 jj 

A_j.ilxjc.Vt ja j j-lj Bus Duct -d' l>& CjVjLHI jll 4 jallxlt Bus Duct -Ji 

AJaiii (j_x (ullxa j jjiLj J) Continuous c±J& tit W- V Reliability A_jll^^t 

1 xJ.j.j .1 V j_a JAC j_x A_1 .IjV BUS DuCt L^t (jV t-$l * 3 ^® a ' L &^ i ^-‘Wj A_jA*jll 

(JUacVI (jx ^jjjlll jijLXX d)^L*aj]l ©1a (ji 4 Cjljj^jxlt AiC 

Specification of Bus duct 

(1) Type of Bus duct according to : 


A) Forms (B.B. Type) D) Feeding 

B) Conductor E) Arranged 

C) Loading F) Accessories (Joints) 
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(2) Voltage operation. 

(3) Cross section area and weight. 

(4) Short circuit current rating. 

(5) Voltage Drop . 

(6) IP (index protection) . 

Types of Bus Duct. 

A) According to forms 


(1) Air type (2) Sandwich type (COMPACT TYPE) 
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B) According to conductor 

1) Copper (CU) 2) Aluminum (AL) 

3) Aluminum copper coated 

C) According to loading 


AMPERE RATING 

. FIGURE A 

m 

{L] 

UL 057 

IEC43A 

CONFIGURATIONS 

INCHES IMMl 

INCHES IMMl 

Da p p b r 

225 

225 

A 

4 .50 { 1 1 4 3 1 

739 {1973| 

400 

400 

A 

4 .50! 1 1 4 .3 1 

739 {19731 

600 

630 

A 

4 50 '11431 

739 {19731 

500 

1000 

A 

4,50 {114.31 

739 {19731 

1000 

1200 

A 

5.12 {13001 

739 {19731 

1200 

1400 

A 

5j62{1429I 

739 {197.51 

1350 

1550 

A 

6 12 {155.41 

739 {197.51 

1600 

1900 

A 

7.12 {190.31 

739 {19731 

2000 

2250 

A 

939 {21231 

739 {19731 

2500 

3000 

B 

1099 {276.41 

739 {19731 

3200 

3900 

C 

1599 {403.41 

739 {19731 

4000 

4500 

C 

1939 {466 9 1 

739 {19731 

5300 

5900 

C 

23.41 {59461 

739 {197.51 

Aluminum 

225 


A 

4.50 {114.31 

739 {19731 

400 


A 

490 {11431 

739 {1973| 

600 


A 

430 {11431 

739 {19731 

900 


A 

5 62 {142 91 

739 {19731 

1000 


A 

6 12 {155.41 

739 {19731 

1200 


A 

7.12 {190.91 

739 {19731 

1350 


A 

939 {21231 

739 {19731 

1600 


B 

3.12 {231 6! 

739 {19731 

2000 


B 

10 99 {276.41 

739 {19731 

2500 


C 

1939 {46631 

739 {19731 

3200 


D 

1399 {505 6 1 

739 {197.51 

4000 


D 

23.41 {59461 

739 {19731 
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LIGHTING+SOCKETS 

RISER 

SANDWICH TYPE 
200 KVA 


A/C RISER 
SANDWICH TYPE 
360KVA 


5X16nW 

CU/PVC/PVC 


5x16mm 2 

CU/PVC/PVC 


5x16mm 2 

CU/PVC/PVC 


5x16mm 2 

CU/PVC/PVC 


5X16mrrf 

CU/PVC/PVC 


5x16mm 2 

CU/PVC/PVC 


20 KVA 

110 KVA 



20 KVA 

50 KVA 


A/C-DB-4 

20 KVA 

50 KVA 

DB-3 

A/C-DB-3 

20 KVA 

50 KVA 

DB-2 

A/C-DB-2 

20 KVA 

50 KVA 



60 KVA 

50 KVA 


A/C-DB-G 


4X50+25 ^ , JAP OFF _ 

cu/pvc/pvc * * 250 Amp S 


4X50+25 r , TAP OFF a 
cu/pvc/pvc L * lOOAmp ^L 


4X50+25 

CU/PVC/PVC 


4X50+25 

CU/PVC/PVC 


4X50+25 

CU/PVC/PVC 


I TAP OFF ^ 
lOOAmp ^ 


I TAP OFF ^ 
lOOAmp ^ 


I TAP OFF m 
lOOAmp 2. 


4X50+25 r * TAP OFF ^ 
cu/pvc/pvc L y lOOAmp Qj 


38OV,30+N+E,5OHz,3OKA 


B.B 

1250Amp 


630 A 
M.C.C.B 


® A.C.B 
1250Amp 


Transformer ( 

800 KVA ><=> 
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Eng_abdelmonem shaban 


For A/C Riser as example: Total KVA = 360 KVA 
We must select C.B firstly 
1 = 360 * 1.5 * 1.25 = 675 Amp 

C.B = 630 Amp M.C.C.B 

630 A 

IBB = — — = 630 A 

D.F = 1 

Note: B.B Rating >= C. B rating 
Because de-rating factor OF Bus Bar =1 


D) According to Feeding 

(1) Feeder Type 

Bus bar used for fed one load only at the end of Bus Bar. 

J-rated = 2000 * 1.5 = 3000 Amp 
C.B = 3200 Amp 
Safety factor = 1 
As oil type transformer 
B.B rating = 3200 Amp 
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(2) Plug in type 

Bus Bar used to feed several loads by putting plug in (Top Off) 
may be. [Load Break switch (L.B.S), FUSE or Circuit breaker! 
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Eng_abdelmonem shaban 



E) According to arranged 

L_ 


I — 

Half Neutral 


— t 

Full Neutral 


(R + S + T+ HN + E) 


(R + S + T+FN + E) 


U **. ijU j C>a f . UaiSI 


Accessories 


. ^ j ls* Elpow dl ( > 

dilj ^ oj j Tee dt (T 
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. (jjl j*JI jjj*] Offset dl (V 

A Will ele-l^al ® * (_jC- Jlj 131 j JJUull 4-L-^aj 

. Jajl jaJl jjjc. lie. j Wall Flange -II (o 
. Bus Duct d' u*?j JjIS j*? Jb-aSj lU^ Cable Tap Box d' (1 
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The accessories in the above figure are: 

1) Flat Elbows 

2) Edgewise Elbows 

3) Comer Flat Elbows 

4) 4 Comer Edgewise Elbows 

5) Tees and Crosses 

6) Transformer and Switchboard Flanges 

7) Flexible joints 

8) Spring Riser 

9) Angle Hanger 

10) End Closure 


Ch: 1 1 busbar trucking 
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IP rating 

IEC 529 IP RATING 


IPXX 

BUSWAY TYPE 

IP40 

Indoor Plug-in and Feeder Busway 

IP54 

Sprinkler-Proof Plug-in Busway 

IP55 

Outdoor Feeder Busway 

IP66 

Severe Outdoor Feeder Busway 


TABLE 4. IEC 60529 DEGREES OF PROTECTION 

IEC 529 
IP RATING 

DESCRIPTION 

IP4Q 

Protection against access to hazardous parts with a wire 
or solid foreign object 1 mm diameter. No protection 
againstwater. 

IP54 

Protection against access to hazardous parts with a wire 
and dust shall not penetrate in quantity to interfere with 
satisf a etc ry ope ration c r imp air safety. Protects a g a inst 
splashing water. 

IP55 

Protection against access to hazardous parts with a wire 
and dust shall not penetrate in quantity to interfere with 
satisfactory operation or impair safety. Protects against 
water jets. 

IP5S 

Protection against access to hazardous parts with a wire 
and dust shall not penetrate in quantity to interfere with 
satisfactory operation or impair safety. Protects against 
powerful water jets. 
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Ring Main Unit (RMU) 


Used to connect each sub-stations, or connect transformers in building to 
medium voltage system with a capacity of less than 5MVA 



Chl2: R.M.U 
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Usjii u-Ualij JjijH Lp>U Lm* Ring Main Unit 


1 1,1 1 ■ * I 

iji. ; 


Chl2: R.M.U 


194 


Power System Distribution 


Eng_abdelmonem shaban 


Description 

symbol 

Load break switch 

Q1 

Earthing switch 

Q2 

Load break switch with fuse 

Q3 

Earth fault indictor 

EFI 

hygrostat 

HI 

heater 

H2 

Voltage transformer 

T1 

Current transformer 

T2 

voltmeter 

PI 

(Kwh+kvarh)meters 

P2 

High Rupture Capacity Fuse 

FI 

Voltmeter selector switch 

SI 

Mechanical interlock 

XI 

Mechanical interlock 

X2 


(manual) u^j ^ 1*1 c> s J-^ [Load break switch] 0 

.4jLlk-a]! dlLlLaC- (J dl^jlS 

<> 4^>J\\ J^»a djUaJi <^l c_jj jiA jUjjaJ ^ iVmij [Earthing Switches] 0 
L.B.S u£ interlock ^ 1*1^ <iU-all diULc. *\ 

V jll ^jA j close j U^' uj^ 3 VI ut^al[Earthing Switchesjj 
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Eng_abdelmonem shaban 

HI High Rupture Capacity Fuse (HRCF) 

Before transformer you must select a suitable (HRCF) which is used as a 
protection for the transformer when short circuit occurs. 



'..-i ijj ij jj-v ^3 dl ^3 JaS3 J) 


Table for selection of transformers protection fuses 


17 -a paJ 'n -, TT »- P 

Vn = 1.2 fcV 

Y n = 24 fcY 

itaced rower 

£ 

II 

£ 

V* = kY 

kVA 

6 

10 

12 

15 

20 

24 

50 

10 

6 

6 

4 

4 

4 

75 

16 

6 

6 

6 

4 

4 

100 

20 

16 

10 

10 

6 

6 

125 

25 

16 

10 

10 

6 

6 

160 

30 

20 

16 

10 

10 

10 

200 

40 

20 

20 

16 

10 

10 

250 

50 

30 

25 

20 

16 

16 

315 

63 

40 

30 

25 

16 

16 

400 

SO 

50 

40 

30 

25 

20 

500 

100 

63 

50 

40 

30 

25 

630 

125 

SO 

63 

50 

40 

30 

SO 0 

160 

100 

SO 

63 

40 

40 

1000 

*** 

125 

100 

so 

63 

40 

1250 

*** 

160 

125 

100 

SO 

63 

1600 

*** 

*** 

160 


100 

SO 
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Mechanical interlock(Xl) S 

High Rupture Capacity Fuse ^ ^ LBS 

hygrostat (HI) HI 

HEATER (H2) cJj* aj_j AaijLAll ^^3 Ajjjadl! ^ 

Ajjudjll aIL^. 


Earth fault indictor H 

j ejlc-l AjIaC- t->-» M AaJaAA A9 ^ca 1 (JlJaC-VI L * ^ 

LOOP c J lMI aILoa 


Types of Rins Main Unit 


TYPE 



(one 

L.B.S) 

A-F 

1 Cable connection + 1 Transformer feeder 
combined fuse- switch( 400A ) 

(2+1) 

I — I — F 

2 Incoming/Outgoing switch 630A + 1 
Transformer feeder combined fuse- switch( 400 A ) 

(3+1) 

K *'H 

i 

i 

1 

2 Incoming/Outgoing switch 630A + 1 
Transformer feeder combined fuse-switch( 400 A ) 

(2+2) 

I-F-I-F 

2 Incoming/Outgoing switch 630A + 1 
Transformer feeder combined fuse-switch( 400A ) 
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Load estimation 


: A^Luii p <j}_ 


1 . Lighting Power 

2. Power (Sockets) 

3. HVAC 


4 . Others 


Lifts 

Fire pump 
Laundry 

Medical equipment 


-► Water pump 


and so on. 


1-According to NEC Cod 


place 

Lighting 

VA/m 2 

Small 

power(sockets) 

VA/m 2 

A/C 

VA/m 2 

Notes 

Banks 

20; 40 

30 

50:70 


Cafeteria 

25 : 45 

5 

60 : 100 


Computer center 

15:25 

15 

120 : 200 


Basement Stores 

30:50 

15 

- 


Mid Floor 

25 :45 

10 

50:70 


Upper Floor 

20:40 

5 

- 
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f fulajj 

CH^LulCI AjLaIJ 


<Ku\jjj^S}\ <VJLSjJI JLcI,93 

OJU 0 JI 3 sSj. JU «Ua5L juuJI oLujuuoJJ 


<jCa 1( j jSlL A-u£juJI CIjLoOaII AJjoiAJ^II 5-AjU^£JI ClxXlx ^ jllI CC.| jill dCA - 


SUl^t AaLu^ Jjiau ; v ji 

llila d£l ^ j <_u£juJI (j_Ludll j CjLJjaJ j diLa jjCill ^IaLuj A-u£juJI SLolLiII A-^Luoa cjc^j ^aJJ ' 

Lk^)ll 


AalLuJl SLH 4 I] jJiS) CjC^j ; LjLj 

JjUaill 4-xil jll j <jCa 1I j <_£ j£lL 4 -u£juJI CLjI^uUaII Ajaiaj^iII SjCill CjC^j ■ 

-; ^lllll <J 4 -auJa ^ aII dlUill lifla c^l£ 


0 jjSi 1 

(2^100/ i.Li.d) 

O' — ^ 



5 

2 

LjlSjUl 

10 

4 

■ ljIS i^Cuj j ^ 

t 0 jaaall t til-lll t_i ji*. t JL<ui t sUall 

Lkll jll 

5 

2 

<H*judll ^.ll^Vl 

; CjI£jauj (jC_aJ) 

10 

4 

^JajujjlA ^Ll^l 

6 a^)Alill (JIajuj 
AjjCjSjujVI 4 

10 

8 

ajAj c-Li^I 


j .eJ» 5 : s^i jii *La1I <ia 1 L * 


-; AJUI1 JU^t lib ciLuaj 

J _C_fl Q | C^J ^11 Car * 


^^IiAaII <Acia La^ liJa ; e_flii£ill * c^J ^11 jjdl J ,^-i .c*l 0.2 ! SjLa*JI ^Loj S^IjI * 

c^ljjjJLiSl <aC 3 j LaI tiila ] <_£^£^)a 1 I aliAll ^jiauoaJ * 

ClAJaSl^/all £a Aj^.V^hVI 4 S^)&lill L_J 4 S^)&lill (JIajoi aS^^lL ^ja (J£ ^ ^£j - 

I A j jar kl\ ^Jl ^sl^)gr y\\ L^LlaJ A dll laSLa^AlU (jC_a1I $.1 1^.1 ^j-a uJad <Jjlc_a. cIc_C-Ij 

Cl A lafll ^ ^ja (J jlc^Jl aCA Cl a"\C~ 1 J 4 / A lajua jJa 


10 l> 1 4 ^*^ 



f fulajj 

till^LUL4]| AjLa^J 


AdLuJl SLuoaI] Aj-uujj]| AjjIjj^£J) ^u^ul\ jj Ail£j ; IjJLj 

(jLiiLa ^81 jj A-ii£judll dUHaII A-iili j^£ll (Jij^a jJ Ail£j A-iaiii jll A-iilij^ll 4 -jC*j 1I L-ilUa (Juad . 

AlljjJa j l * \ 1 *\\ jljuui (JjjLjuJ ^Ic. &lClL<iil A jjUa^&ll <jLa^.VI (J-a . I . b 9 _b <j£J tfl-id (jjjaid . j 

j-lxllll li£ j i ** A ^ a!1 jIjljoj! ^9 jj*Ml AijaiJ Jajuo jib Lilia IijAjoj Lgd-b ja ^aiij 2005 L< * i * 11 a11 

dbiiAll All jjJa ^ 

jl jC^I C,^xl AjKH A^Ludl JaLojI ^Ic. AjlSjuoll CLjLCIIaII A-illlJ££Jl Ai,^3m\I (Jjx^ jl Ail£l L_jLud^ ^all . 

I jl j5l A li X .Jjll L_jlOa ^ad jl ^Icr 4 L-lilall ^aibi d9 j LgJ A_iilij££Jl A_iAxIiil <Jij^a jj L_J jUabl 

^11 A-ii£jaill SUIiaII A j\jm Aid ^9 A-iilij££Jl Ai,^jm\I Jij^aji Ail£l boi9 cljjaii AaIjiILj 
A ilia ^aibi <d9 j LgJ Aiilij^SJl A (J 1 x ^ jl l_j jl^-^H jl I C,^C. jC. 1$J Al jl j^l 

CLAjuiiUlaII ^9 bli ^Ic. 4 (JjVl 


ScLijj c^IjIuIaII ^LS 5Jd j Aj^I AiSjaII <Jbb^l ^ ScLijlL ^ijjill a£jjoi ^!)LAi ^jIIAaII ^ajiL ■ 
LgJ A_iilij££Jl Aj.^MI (Jjj^aj3 Cl i9j A-ii£judll Ai,^ jl A-iAiAjdill S jbll jjdi Lai A-d Ai£ja 1I S jbll 
^aicb 4 q'Cii Aiibaill SLuIIaIIj jijkVI (J^jIiAaII Ac. ^ £a bljjjCVb jl bjiLa ^jIiAaII (Ja^jj 
* lc.dall J jaLxII ^aicd AilSi bll£ j 4-ill SjLujVI (jjbjJl Cc.1 jill (jj^iiJ AjjoUJ^)1I A-1jIjj^£ 1I A li x j!ill 
^jjjlll a£jCu J^^il ^-Ic. ^.Uj jl Adila jl£ e-l ^juj A-iC.^)ill Clj^^L^a ^11 j 


4 ijfr jjjJj : LjIj 

sLulLal] l^J ?’ ^ajoio]l 4_iiS]l Aa. 1 jobttll Clljl£ I jl dlV ^ 4j^)C. 4 _u£joi]I eLulLa]| t _ '^1 . ^» (_ilLaj - 

4 jJiSli (ojill) 2000 jbiill ^jia^)C. 1 .5 J — A ^^^11 L- nii^kj A-il£judll 

jLbl (A-ijUj) 8 A-ii^JUdll SLaLiAll <^.1 JJ 

d il jl j3 ^-ijjlll CIjL^ jjuo jAx^aJ ^| 974 AjjuJ 63 (JJ^bil Aj^liiiill Cc.1 jill (ja ^ \ 9) D^bJl tcjili - 

5 la^.1 j i dV j^ aII djC. Ja JJ jCi j dldal j-d ^Jl A^LjaVb L^ill djUjoVI (^jbjdll Ja jjjailU 

_c^ilAi ^jLudll ^ ji ^ b jill jlAx^al ^aCxJ Lilli ^ai^-lji jlAx^ali Aj^d^ill 

^jjjjll A^ Jjuo (^ill jlUl f^gk dL^. (J j^Q L_li£jl ^all dV J^^oll Ai^)C. ^a^c. - 

(J j^dl (j^ll A^d ^IAjuoJ ^ajlllj 4 A-il£judll SLuoIaII (jlilVb A-il£judll dLoiIaIIi 

/dLuddll 6jCS £A L-Luollll (^^11 (^5^^ cl J^^ll J ddll 


10 t> 2 



JPja pJaZ jt$A 


<U&uJl LiH ^LudUjjjil Mjjjuil Jj^jj jIj&I 11*1 jaI ; Lu^H 

f Q 1 L-» 1 \ k n\ i * t AljllJ^^ll Al^jtill ^ J u ^ jj\ L \\ L-» L ** \ \ \\ \ \ ^LfilijuAl A A J J^fU l A\lx^ J^t l C_llL^ ~ \ , 

. (1 c3* J“) l 3* 

jaiII Lilia A-iJ^judll SLuaiall AijIij^^II Ai,^3m\I (Jjj^aj3 Ail£i A a\*\ All! ^l^li £ijjill A^jjoi ^ jiL ■ 
A^jjoill JS CllLal Jill j t ^IAjuJI L_1 jLui 4 A jjUa^alt A^lSill ^JL<l^.I Lg-J ^jJa ji (2 (j3j*) (jSj^ll 

AijIi j^£Jl Ai^jmII (Jjx^ ji Ail£i L-jLuo^j ^Jij^aai jliJ AilLla^ (JSj <j3 jij 4 Ai^aMl L-llUa j 

Juiilll AjjILiaII Cil Aiioixill j 


(J)3 j-all jll Jill tiila A-u£judll SUIIaI! jlull J^Llal j AijIij^SJI Ai,^jm\I (Jij^aji ,^jVn ^aii ■ 

. (3 


10 i> 3 4 ^*^ 





(fbaoJiN >' AilS) 


Ais^Uji / ^ / AjjAa / Ajj5 

9 ^ £ Jib! A^ljUlA t 2^ 4^l»JUlA i 2 ^ 


! 00002 UE 

Aiui) J-b) (2)1^^ 
6l ^jaIaII ^ - i ja 

dLuu^I] A jKll A^luu-bl 


tjJ^ I cr^ J^l (> o^j^l - 


jjjjai JdC- 


♦<* - S jUI 

JjUj s jui 

. ^SjUj 


^AjjILaS! AjS-jAII Lli^L^aja]! JJP 


t i ^ A t t 

dlaJxil CjU^lkl 

^ j£ f t (hffil 

^j£j-a]| dL i4j) (jjv^n\ 


4-jj1La1I ^ jMj C£lua J.1C- 


JjAi 

<Liu \ jIIa 

Ja-d ALuj 5ljlVu*id J-iC- 

. jU l$j / i^jj V) SLj11a]| AjuoL 


A£jbbl uj ij^Ia! (jIIa]) A-^bb i^jul j Ijj-ul4 (j&J A.'yi'Vw? c-iiLlb o Jjl jll ljULuII <jb dbJ Bj-a]) Uf j£l 

. AJjIjlaJI f 1 j^V 


Ljikil *S±A 




. AjKuiti SbilAli cPbj^l jtull J^a JJ ^ a SiA jl\ jj u*l\ A&\ ja -1 

.4jjIa*^1 ljU^jj]1 £A ^LlaII Sjj^a -2 


10 i>» 4 



f ( jj L-ilSallj 4 ajAa 21 LjUUJt JuU 4%,^ ^JC- ljjjj 4JIa AJjbuai) IiAjj ( jP 4 Jj1ula jj£ 4£jJo]( * 

J^uit uAj*u/| (J-A LO^uj jV AJjbLoJt 
L-llk]) 4 A J ^ £LJjlj (J-A (JJJ^-UI *LLIjLa]( (J-4 4£j-Ui]( V-ilLJl ^±±A qLa j ^ t J) L^V Ulliall JJJAJ * 

Jfil£ 4 a jJ l_u£jj jj S Jjaj-a31 4LajJIj f t ja) jj 4 \usi jj c_u£jj S jjj-ua 4 jjIjla]) <jjjj 1 j) * 

. lA\±1\ JjI^ Jfc Lijjl^t UJ^ 

lJuSLSjJ) Jlluj j jLn]( Jjjjj J£U3 Jju V) lj) cjSjj V * 

41U1I (jlajj^l 1 J) ljjSjj]) 4jjluj-4 jjP 4£jJo]( (j\l 4j^jS jj A-iuajl 4 liua jj ljjSjj l-AL 4JL^ * 

<jj£j V) SLuiIaI] 4, a\ A*sf\ \\ JLaa^U tL la 4 jjLuo]) SLuoaIL J j-aUJI 4jla) j-a 4£j*uJl jjj * 

.^jVuja SLulLa]) JLaaI ! jLJ cjujj J ij^UU CjUilj jl (j - * 1 -aP 4J jIula 


JL 




ui OAiiu-t 

/ iiui!l ^jj uHall 

cjbij 

: ^a cjtJtjjj SjtJt / / £jjUj ^jj jjLtllj 


4jJUj 4A-uaj^Jl CjLajIxII) j 4£jJoJ| jiS L-dSall £*uaaj-; ljUxa^La 


a \1 uIIajaII £j3jj 

( ) 


10 i> 5 4 ^*^ 



£lIaS 


(2)JA>* 

Aj&j* ) \ ‘*1^1 A^ M '• J.I / ^ i \ i 

♦♦ ♦♦ ♦♦ O' ♦ ♦ 


/ puuuu^lj 1 

ttt Aju j 4-uia 

.AjjLj^SJI 4jJ*j2| Jj^jj (j<a ^ujIjj cH t_illall ^J| ff LojI 

: ! 00008 UE 

: O'j 


2f> : ‘ 2f> : : ^1 4_^LuuJi 

;A jjilxaJi j± | 

.1 .<-« Ai^>« ‘ j .<-« a^Ij aS^j* ‘ j .(-S ^ji a^>« : * 

.i .<-j AjJIj Ai*j-» ‘ j .<-« .<^ A^v>« ‘ .i ,<-i .& ^ji AI^ja : t5J^ * 

j .<-« a!v>« ‘ j .<-# .& ajij ai^ja ‘ j .<-« .£ ^ji ai^ja : jj^\ * 


AJLa^l A ajs^i aJajaJI (jfr A jX, „tl otuiial] AjjLj^iil AjJxjJI Jj^ jj Ail£j JtAuu f Iajj 

. .\jSnl1 Ajjlholl CjlAjluutil j i oLuuaII Ajjijil Jj*^ jj AIKj <_jLuiaj ^ Ij^a" <jljj ^SjJIauJ JjAjaj t$ jW 


i-.l U-VM A 

_■ stud«ii Jj^ p -i 

A Clil jJAll 4il£ 39 lU SLulIaII AjjLjj^£]| AjPxjJI 4 Ijurt jj JjAjj 4_u2 CjI jbjfrV A£jja 11 Jj^j * 

4_uLj^£il AjPxjJI Jjj^jj 4ii£j AjJUaASi dP£j S Jjl jJI A il£j It <ji <jja ^ t f LiuVI JaIja! 
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DISTRIBUTION TRANSFORMER 

1- Construction of transformer 

2- Classification of transformer 

3- Sizing of transformer 

4- Transformer protection 


Transformer Construction 
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1 

Oil filter valve 

11 

Grounding terminal 

2 

Conservator tank 

12 

Coil 

3 

Buchholz relay 

13 

Coil pressure plate 

4 

Oil filter valve 

14 

Core 

5 

Pressure-relief vent 

15 

Terminal box for protective devices 

6 

High-voltage bushing 

16 

Rating name plate 

7 

Low-voltage bushing 

17 

Dial thermometer 

8 

Oil Tank 

18 

Radiator 

9 

Tap changer handle 

19 

Manhole 

10 

Oil drain valve 

20 

oil level inductor 


♦♦♦ Classification of transformers 
1 ) according to core type: 


<■ «bil Aiijj t-iUl J jluil jjjA jt jjjhll wdl jdjall Ja^jJ ^3 C0f6 Jl 

13 jjSj jl uiaj (jjjall ajs ^311 jLlaII 13a j .-jijilj]! ljL!1 induced voltQQ© djsJLj 


; 4 1 . : •■ L 1 W a 4 9 ^ 


* 



CRGO _j jjsjj . ( Cold rolled grain oriented Silicon steel) 


Chl4: Transformer 


214 


Power System Distribution 


Eng_abdelmonem shaban 


^ Core _!'i ^ ^ • 1 j'jj jjw 

Core type .1 
Shell type .2 



HIGH VOLTAGE WINDING (OUTSIDE) 


VOLTAGE i 


WINDING 
\ (INSIDE} 


CORE TYPE 




LAMINATED CORES 
MAGNETIC PATHS - 


SHELL TYPE 


Shell Type J LjVp-j Core Type Ji 
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2) Classification of transformers according to turn ratio: 



3) Classification of transformers according to their function: 

1 - Power transformer 

2- Distribution transformer 




Ul i jAiXjl it Ji jS-fcAjl jdj i j ^Jt J^AJ Jjid -jl 

c % 60 Jl 14 ^: JUi' it Juu U ]_jjG j i jj/iii'.a 4^ n 1 Ja'iSS JasjI it Juo 

.jLoj U Jai xiijlil Jp-o ^ Aialia jj£j jl it ^tJjj liJ 

JiiJ jjiji jjj-j 'yii j£i i u^ie ,ji jjt ai^i ij-iiji j I J J* '*H» ^ j' Jj“ J jitJj 

■''•■; '^ ■'* jiuVl jl j u^lu jjij 'i "iL I EC Jl hJilLdlj^j . 

. 43jiu jjJ jx-jjll fit 4 JjiyjiiV'j 


3- Measuring transformers 

• voltage transformer 

• current transformer 

4- Autotransformer- Tapped autotransformer 


Chl4: Transformer 


216 


Power System Distribution 


Eng_abdelmonem shaban 


4) Classification of transformers according to type of supply 

• Single phase transformer 

• Three phase transformer 

5) Classification of transformers according to cooling employed 

a) self -air — cooled (dry type ) 

b) air-blast — cooled (dry type ) 

c) oil-immersed, self -cooled 

d) oil-immersed, combination self -cooled air-blast 

e) oil-immersed, water -cooled 

f) oil-immersed, forced oil -cooled 

g) oil-immersed, combination self -cooled and water cooled 
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Types of Distribution transformers: - 
There are two types of the distribution transformers 

A) Oil type transformer. 

Main construction of oil type transformer 


1- Low voltage winding 

2- high voltage winding 

3- Low voltage terminal 

4- high voltage terminal 

5- core 

6- Off-load Tap Changer 

7- Earthling Terminal 

8- Oil Level Indicator 

9- Oil drain valve 

10- Thermometer pocket 

11- Buchholz Relay 

12- Lifting Lugs 

13- Air Dryer including 
Silica Gel 

14- Wheel 



j Protective Relay LLi jAj t Bochholz relay j a>*j L ^1 jl)i cjlkh ^ ^ } 


_il j . jiLi JlaC' Ij| JjSj&l! Lajl j i du^ii alarm j\'Si\ 


jjjac. Bochholz Relay 

il)!l ^ IJ Bochholz Relay Jl ^ m j ^ u djlil -Jib fip -ifli j 

j^l 4ijfcaj JbJI fjj jliu liioj fjyl JcJ bilij <ija (y £jil J Jl djjjll jlij £jji] fb-a -J JijJ laS 

jLmII 
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B) Dry type transformer. 


1) Core 

2) L.V terminal 

3) Resilient spacer 

4) H.V terminal 

5) L.V coil (copper or aluminium) 

6) H.V coil (copper or aluminium) 

7) Tapping link 

8) Delta connection rods 

9) Earthing 

10) Yoke clamping and wheelbase 

11) Roller 




1 

2 


10 

11 
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❖ The main difference between the two types are summarized in 
the below table. 


Oil type 

Dry type 

Operate at normal operation at 

Operate at normal operation at 100% 

80% of loading capacity 

of loading capacity 

During over load operate at 100% 

May be operate at over load up to 

140% 

Suitable location at outdoor 

Suitable location at indoor 

(Basement) 

Low loses 

High losses 

rp^ high 

r/Oil> r/dry 

HIGH Maintenance 

No Maintenance is required 

large Size 

Smaller Size 

Low cost compared with dry type 

High cost compared with oil type 


A -a 


A ]a3l o A * ^3 VI 1 - ■ 

<J o\\ jliaVI 

c> FORCED COOLING u^j % >* * Jl 4^ ■ 
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(jl 4_iJal^_jIND00R J -? , ^ C ' ^ ^C-l UL lL ■ 

i—flLa. 

cs-^fd' ^j^-OUTDOOR ^ A*jjaj AjV cdlilj <jJa jS J ^)±lx j ■ 
(J^C* j ja (JjJafil J (jV (J (JA ^ic*! (J ■ 

^ j]i jja^ii jV ^ jii Jj^ii j_j^a ic.1 (_] <» jJallll Jjc. L_flUJl (_] j^-ail ’if. Li£ L_fll_aJl $.I^Jl 

.FULL LOAD Cf* cr^' ls* uj^- 4 u' ^Lu^-j J^aJ! <_> %A * ^jc. 

V;Y <ijudjj ^jl! (J ^1 i—aLaJI aU ~-v«v ■ 


HI Sizing of Transformer 

How to select the suitable transformer (KVA)? 

For example if you have the following loads for administration building:- 



LOAD 

KVA 

1 

Lighting load 

150 KVA 

2 

HVAC load 

1600 KVA 

3 

Sockets Load 

50 KVA 

4 

Lifts load 

50 KVA 

5 

Ups load 

45 KVA 

6 

Water pump 

5 KVA 

total connected load 

1900 KVA 
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TOTAL DIVERSITY LOAD A 

T.C. L = 1900 KVA 

Diversity factor 

As all loads not operate all the time and not operate with full power at 
all the time so we can't size the transformer on connected load, but 
we size the transformer on the total demand load. 


(jjulj A )\a* 11 cl>*) 


jjLqII 


0.8 


0.9 

* *•** 
ml m a 

0.9 

lsJ-^ 

0.6 


0.7 

A iLtJ 


We assume the diversity factor depend on the project. 

In the project for example we selected D.F = 0.8 

Total demand load = D.F * total connected load 

Total demand load = 0.8 * 1900= 1520 KVA 

V For a transformer of oil type (Operate at normal operation at 80% 
of loading capacity) 
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KVA = 


1500 

0.8 


= 1875 KVA 


STANDARD OF TRANSFORMER 


Power 

Lenghl 

Width 

Height 

E 

Oil weight 

Active part 

Total 







weiqht 

weiqht 

kVA 

mm 

mm 

mm 

mm 

kg 

kg 

kg 

500 

1440 

1180 

1800 

670 

440 

1140 

1940 

630 

1850 

1350 

1890 

670 

575 

1410 

2400 

800 

2000 

1375 

1900 

880 

705 

1720 

2940 

1000 

2050 

1400 

2010 

880 

800 

2180 

3570 

1250 

2210 

1445 

2065 

880 

915 

2310 

4050 

1600 

2300 

1470 

2100 

880 

1190 

2780 

4950 

2000 

2400 

1600 

2198 

900 

1200 

3300 

4980 

2500 

2450 

1750 

2318 

900 

1300 

3500 

5500 

3000 

2680 

1800 

2350 

950 

1800 

4000 

6250 

4000 

2970 

1890 

2585 

1100 

2500 

4500 

7400 

5000 

3300 

2080 

3000 

1100 

3000 

5500 

8800 


From standard of transformer (2MVA) 
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B (width) 



V For a transformer of DRY type (Operate at normal operation a 100% 
of loading capacity) 


1500 

KVA = — — = 1500 KVA 
1.0 


So, select a transformer = 1.5 MVA 
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KVA 

A (Length) (mm) 

B (width) (mm) 

C (height )(mm) 

500 

1290 

8 10 

1495 

630 

1290 

8 10 

1710 

800 

1430 

835 

1775 

1000 

1500 

1000 

1875 

1250 

1500 

1000 

1975 

1500 

1680 

970 

2215 

2000 

1770 

1095 

2370 
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2500 

1940 

1140 

2425 


Tmnsformer protection 

♦♦♦ High Rupture Capacity Fuse (HRCF) 

Before transformer you must select a suitable (HRCF) which is used as a 
protection for the transformer when short circuit occurs. 



_ • A \ /\ 


This section is intended as a tutorial to help explain transformer impedance and 
how its value is determined. 

Transformer impedance is a ratio of the transformer’s normal full load current 
to the current available under short circuit conditions. 
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Z%= (Impedance Voltage/Rated Voltage)*100 

Transformer formula: 

Single phase full load current: Ifl = KVA x 4.5 

Three phase full load current: Ifl = KVA x 1.5 

Short Circuit Current: 

ISC = Ifl/Z, where, Z = transformer impedance 



An example will serve to illustrate: 

Transformer data: 

Capacity: 1000 KVA, three phase, At Z%= = 5% 
Primary voltage: 11000V 
Secondary voltage: 380V 
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Ifl= 1000 x 1.5 = 1500A 
Note that impedance is expressed in percent. 
Now that impedance is known, short circuit 
current, ISC, can be calculated. 

I sc = WZ = 1500/0.05 = 30kA. 
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Diesel generator 

Standby diesel generator used to feed the very important loads in case the 
Main supply is being cut off. Selecting the generators that can produce the 
power required by a field unit is an important function. The tasks and factors 
that govern the Diesel Generator selection Process is described in this 
chapter. And we will discuss this through case study. 
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When choosing the diesel generator same factors need to be 
considered, such a 

1) load power factor 

2) Altitude above sea level 

3) the Ambient Temperature 

4) Motors starting method 
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5) Variable frequency drive (VFD) motors 

6) Uninterruptible power supply (UPS) loads 

7) Medical imaging loads 

8) Regenerative loads 

9) battery charger loads 

10) duty cycle 

(1) Load power factor 

Generator are designed for a worst power factor of 0.8 (lag). A lower power 
factor demands a higher excitation and results in increased heating of the 
field winding. 



Load Powr Factor 
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0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 


Altitude ( m afccve sea level ) 

(3) The Ambient Temperature 
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(4) Motors starting method 

The load comprises of one large motor, the diesel generator must be large 
enough to cater for the high starting current involved. Induction motors 
generally have a high starting current and low power factor during starting. To 
determine the size of the generator set required to start a given induction 
motor 



Motor Output Power (KW) 
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Motor Output Pow&r JKW) 



Motor Output Pouwar fKW) 
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(5) Variable frequency drive (VFD) motors 

Variable frequency drives are non-linear loads, induce Harmonic currents 
which causes distortion in generator output voltage and overheating 
generator, therefore larger generator size is required to limit these effects. 

• for six-pulse VFD 

A typical generator sizing factor is twice the running KW of the drive 

• For pulse width modulated(PWM) VFD, or include filters to limit 
current distortion to less than 10%, 

Generator sizing factor is 1.4 times running KW of the drive 

(6) Uninterruptible power supply (UPS) loads 

Effects of UPS on diesel generator 

1) efficiency (power conversion losses) 

2) Harmonic current produced which causes voltage waveform distortion 
and overheating. 

3) Battery charging current. 

According to GENERIC generator sizing guide 
a) passive and line interactive UPS: 

Limit the total UPS loading to 15% - 20% of the generator capacity. 
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b) Double-conversion UPS: 

• Single phase models: limit the total UPS loading to 25% of the generator 
capacity 

• Single phase Minuteman UPS models: limit the total UPS loading to 50% 
of generator capacity 

• Three phase models with filters (current distortion < 10%): 

Limit the UPS loading to 80% of the generator capacity 


(7) Medical imaging loads (CAT scan, MRI, and X-ray equipment) 



• The generator set should be sized to limit the voltage dip to 10 percent 
to protect image quality. 

• Selection of diesel generator for Medical imaging loads 
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Equipment (KVA) 

Generator (KVA) 

1.5 

3.8 

1.7 

4.3 

5 

12.5 

6.3 

15.8 

12.5 

31.3 

25 

62.5 

37 

93.8 

45 

112 

62 

156 

75 

187 

77 

192 

108 

270 


(8) Regenerative loads (elevators, cranes and hoists) 

• Diesel generator has to be oversized to absorb power generated from 
this loads during braking, failure to absorb this energy will lead to over 
speeding and shut down of generator 

To avoid problems it is best to follow a couple of simple rules! 

1) The elevator load on the generator should be assumed to Be at least 
twice the lift motor nameplate rating; 

2) The elevator load should be less than 20% of the total load on the 
generator; 
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(9) Battery charger loads 

A battery charger is a non-linear load requiring an oversized alternator based 
on the number of rectifiers (pulses) up to 2.5 times the steady-state running 
load for three- pulse; to 1.15 times the steady-state running load for 12-pulse. 
These loads are typically found in telecommunications systems. 

(10) duty cycle 

There are three duty classifications for generator set 

A) standby:- used as a backup to utility power supply no overload capacity 

B) Prime power:- generator is the primary source for variable Loads 10% 
overload capacity is added for generator size 

C) Continuous: generator is the primary source for constant Loads. 30% 
overload capacity is added for generator size 


Steps of Diesel Generator sizing. 

1- Calculate the correction factor of load power factor 

2- Calculate the correction factor of Ambient temperature 

3- Calculate the correction factor of Altitude above sea level 

4- Calculate the correction factor of Variable frequency drive 

5- Calculate the correction factor of ( U.P.S) loads 
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6- Calculate the correction factor of Medical imaging loads 

7- Calculate the correction factor Regenerative loads 

8- Calculate the correction factor battery charger loads 

9- Calculate the total load power in (KVA) after correction factors 
except largest motor. 

10- Calculate the generator output power for the largest motor 
depending on starting method. 


11 - Calculate total power of main generator^ which = generator 
output power for the largest motor]_ + [total power of_ loads 


with correction 1 - [largest motor power input]. 
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DISTRIBUTOR 



Ch: 16 Distributor 
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(JIjLP Jj-aJ! £ -hut jlaJl ^ jJ pi jJI 

A^^joU 4_iL^aL^Jl JaujlLdl dlLa. ^1 ( ^ 

(16 cells) * >1511 ^ j 2j djlc. jjA -I 

16 Cells type consists of:- 
>10 cells for outgoing. 

> 4 cells for incoming. 

> 2 cells for bus coupler. 
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( 14 cells) ojaUII JLojJu a£^oi dilc. jj^a -<-_i 

14 Cells type consists of:- 

> 8 cells for outgoing. 

> 4 cells for incoming. 

> 2 cells for bus coupler. 
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Part of distributor 

> There are two Bus Bars each one contains 2 transformers incoming these 
transformers may be with ratio of 66/1 1 or 66/22 KV. 

> The Bus Coupler is 2 out of 3 (2/3) and is used to connect two bus bars if 
one of the incoming being out of service to insure power sustainability to 
the loads. 
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Bus coupler needs two cells one for the C.B and the other one for adaption 



Bus Coupler Cells (one for breaker and one for adaption) 
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J£ ^j^jj ( Section ) J-£ t5 -S-C' o'— ( £ ) aac <> Oj£b -; L£U. p 

,(_)d_iall J Ajli_j]l O^g^l J jldill d)V_J^-a j Ag^JI dlV_J^-a ( _ 5 -1 c. Aji 1a. 


csi^j ^ ( £ j' 0 ) ^ Jt. ( Section) l£ p 

Sjtajll o jg^lj jUi— it dsVj^> ^J-£. A A , A J_£ 
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.ijJjSlI a jg^Jj jUjII 
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.dilj—9 ^ Y Y * ) Ag .a. ^ 11 ^1 iaj (jLoa.1 (j-a Ai^La. j dll j3 ^ Y* A » — Y Y * ) AA^Lall J)\jl jIIj 


£*j\\ j V ^ A ' W'l dllj^Llagll As* r\A~\A ^ ^Uill (JjC. 6p_l c. ^A J 


-; jaIwmIIjLuII jJU ^4 ” 


.AjpJall ejUVlj (jlgill dlUalj Ajli^jll e^_aij 


dLa . jL AauiLuiVI Ajtj jll 
-l JjkAll db-laud Ajlij p 


D. O.C jUill oJljj Ada Ajli j • 

O.C jbjll idlj j Ada Ajli j • 

D. E.F ^gdajVl AJ^uiill Ada Ajlij • 

E.F <_ydajVl AJ^jdill Ada Ulj • 
O.V Ag-sll ^lijjl Ada AJIj • 
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AJlj (t 

O.C Ulj • 

E.F 4-Aiij • 


.; iajjil CjLjJuJ 4jL2j (Y* 

O.C j4^' Ajlij • 

E.F ^ 1 ' <— j^juuII >»» • 
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A Loop AjjSjai Y (jl -?S' C5^ - ^ 

5 MVA c> V ^ jll Loop 
aj^j] jA\j (Ring Main Unit) t> loop ls'^ 

^Jc. J^aS' ^ aj^all aJ a_N (Load Break Switch LBS) R.M.U -S' ^ Vu>i .) -* 

<_Ud ^ J&. a j^l! aJ qA (Isolating Switch IS) -S' l>^ 

AjLu^alt 

■ ♦♦ 


■ IS J LBS J CB — S' l)£ 4JjtL> 


C.B 

LBS 

IS 

(Circuit Breaker) 

(Load Break Switch) 

(Isolating Switch) 

Automatic 

Manual 

Manual 

Contain Arc 
chamber 

Operate on SC and 
load 

Contain Arc chamber 
Operate on load 

Not contain Arc 
chamber 

Operate at no load 

Used for protection 

Used for operation 

Used for maintenance 
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1 MV A t M (r 


consists of:- 

> Outgoing cells (depend on project) may by 2 or 3 or 4 or cells. 

> 2 cells for incoming. 

> 2 cells for bus coupler. 


_A_ 



Y 


V y ' 
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(U.P.S) 

Uninterruptible power supply 



HI Specification 

> types of ups 

> power (KVA) 

> time(min) 

> output harmonic distortion 

> nominal output power factor 
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Tvnes of UPS 



I lJ (il \ * (jC' JjJj ^1 JLa^I ^ £ jli! ^hVutil J*2aL 


2) OFF-LINE U.P.S 

i <J <£M * ^ f !^iuil JJrfj 


UPS switch 
filter / conditioner 



normal mode 


charger battery stoned-energy mode 
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3) ON LINE UPS WITN ISOLATING TRANSFORMER 



AiliV! jjS >d! Ajlidlj CAAaxI) lJ > JUa.1 lii f!±klu,l ^ 


How to selected UPS? 

For example if you have the following loads:- 

Computer load = 50 KVA 
Operation Room load =100KVA 
Total load of ups =160 KVA 

So, Select UPS = 160 KVA 

s * 
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UPS uflAua jj 

(l_< ) ) AxjuJI • 

( * A ) & j)-^ • 

%^+ culja Y Y * j! jia %^+ culja Y Y ♦ /Y'A * 4 aj) r :(Jj^) • 

.JJjIa 

. %6 ± 0 * :(J • 

<_U^' ^jc. % f+ t (static load) %^± Y Y ♦ /Y" A * A^.jl Y 1 ;(^ jj^.) • 

. aU£ 1I 4*^1 (> 0/0 * * Jl %> • j*? U 

,%^+cli/jo. ;(^ jj^).li J\\ • 

Sine wave output. • 

• Distortion harmonic 

O 1% or better at normal linear load 
O <±3% at nonlinear load 

((Jjlij > * %) Yo) -:(Over load capacity) • 
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[ Feeding Systems I 


V 




According to Cairo Electric Distribution Company (CEDC) there are four types 
of feeding systems according to the load rating divided as follow:- 

LgJ ‘ ^ ^ £JjjJ tllUaljliuil Um*\ 

*bi JJ mfll CjIjUj I ^LjJajlojV 4 ^jUll 111 >> ^ 

*\W ClA£^)ju) ^a jSJj # 


1) 1 st type - Used for loads less than 200 KVA 
so most usage 1 st type to fed The Residential Areas. 

2) 2 nd type - Used for 200 < loads < 1 MV A 

3) 3 rd type - Used for 1 MYA < Loads < 5 NY A 

4) 4 th type - Used for loads > 5 MYA 




^ j\jb .ij-iaj j ( _ 5 -uaJ! U^sul cr 11 ' jbl^l 4 AjtSjldl 
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(jLa^Vl L-jLaji^l ^jj Aiti A l^c* Lu3j 6^^-UaII ^ jil Uila d,W*i ^jj 

JUJ t (^jI^JI) SjJxj^all ClAjAi^a t S^LjaVI Lgjl ^ic* ^L*JI ^t.^Vud^U 

> ^ 5 -11a]| ^ ^ Ua*S £J^)>a A>&^)^UI (JjjLujI C. <nftMl 

cs^'j (Diversity factor) u^' jW^' <4^*Sjidl JL^VI cjLjL^ jlJo L5 -&\ jjj 

JaLuiJl Aj^)^3j Liila J.Wj 


ja^ll ^-Ic* Sj^SlI C* n*s ^jIiaII L_ai^aJj 4AJ AjjUa^lt ^-IIaI] 

: iJM\ 

. ( l St type ) cr^f*) ^ * c> jl (J ^^^3 cr^ ( ^ ) 

# ^J^)A ^ ♦ — M dll jk Y Y * / VA ♦ ff ^)l ^laVI >^g,^ ^ic* ^aiada )ax A-Sjjuj (JjI£j ^Lj 

Aj^ilill ji3 jJ L_flill£j <j>a n^\t Aj^a^ (J^jd — AjjL^£JI Aj^iill AjaijtLa <J^uu ^Jjjill A£^jJi ^ jSJj 

A ^jI jlllj jijI jilt Ujj^s i\ g j\c* ^IxlLalt AJiLlallj 


JaJ ^)1 ^)lli]| (J-a £JJjJ (jjd^a jl (Aj^)3 SjLgxJI J^.Jua Jjj.Vu^a L_l}£jJ ^aJJ 

£_lal jill jl — ^j&\ x«^i^lL£ AjI£ j\1 aLgL£ £_la3 SA^.j (J^La* ^aJ — ^11^11 ^ j^aJl d^LA^j (J^a.^11 

>C5 iia1I Aj^xj ds^l jI£ ^ ^aJj 4 AjjLj^£JI 


l q\lVi j \\aW AjjL^£JI Aj^ilill ^ ^Vil AjjL^£ dLa. jll <jiaxj 4 -J^I JI£jujSM (jiiS 

(J^JUdll ^3 ^A \ \ g \a A£^)JUJ 
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r 


^l> ji jibL^a) hid! I 
huri!l U tdl Ji 


cJijJl tfjjLo 

(W4 * 


1400 UmjL* 


r " 






SjUfcll J^Xa (JjlLfl 





S^)ALall L_J \j ^ j (JL<uuo ^ Aj j ^)3 j£Jl j SjLaJt-ll A^. ^3 J 
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SAc*1£11j Aj — A-jj| ^Jl SAaC-VI 4j^) 9 tg-iiJ CAl^l^)Aa A^ jJj 

C5^ ^jAa ^ \ 1A ^ % Ajljoij jl ^gijj ^ Ilq ^9 ^n>al ( ^ % A^l j cA^jlLaua 

. AiKill J^j W> jl jU! Iaa j J13J! Jiill 



(j*u! £ % ) A^lj AIjIulu) ^ nal JxuajlU AjjSjS 


; Lr b La (SjLasJ) JaXs SjLaxJ) J^Xa 4 jA*j ^jjAlua ^ ^^Ijjj 


<LJL^ ^_9 cA_JAj A£j-joJI j_ C* JaI xlAl ti ^ (J_ j^a9 jl £_Ja9 4 Jj_jujj ^1 £_jJaj 1 aLaJ £_ Iaj 


Ja_JJ C5 - A A a jVl jj ^-LS uV (TN-C) ff (j5 -CjI ff ^UiL 2L£ft! J jLVL? ^ . -iu \ 1 ^jAij 

jl 1 ^illll c*L1a ^Aj_jj CIlJ j9 V A ♦ A ^ C5— ^ AAIa_x^I (Jji-jau] (J £Aj_j <jAajj-^dl (JaLjuII 


.c5 C5^l 


S^)La*JI j^A* 4^ j[ j Ag -vtl ^Ac, A^Aij tgjtcA^a 


jILI 


J-iAu 1 


1 <u9 ^ IiaII <J_klA ^L-JjIj^-SJI CAl 1 g C5“~^ S^)l a*JI (J^A 4 AA_^j 

(jS judll ^-Jjjjll J^jAU J^a ^ ' tc. AcA k^ail A Ia_i 5 jlll A_*J 4 j^IaU ^ jllll 

4j\^1a11 (JLo^VI <^11a^j cA^pjuAol] j jill aIa*JI 
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CJ^juojI! jl^La Um-n oJ j^. L_aS j _ jj 
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SjUxJl JC'Ld QA 4_u£a*I 4jj*J Jj] K jjAJ 



u^wuil A j*<- ■■ oAa.j AjJxj £ jjAj 


o )l AJtU A 


J P O* 




qj a£ j Ji Uj: 


JljaJU 1 «q^i 

C5 _lc. ' V . g , -> jj-g-3a o jj-ixi. ( j_x Ajj_ulJ L-aIj Ls — Ca jVI CJ j—uul! A — <u3 <j_^ -l_iJl 

.CiIJaaHj j|^)3^U (J^LjoaI Laa ^jIja]! 


u^a' — ^ ch ul '- u1 ' U^ 3 J ^ 


.U! Cl 


.x.j ^ IiaII (_)jaj^)l__j]l tVi 


4j oAia. A_ul_i ja£ A_iJ*j 

• * ** * ** *V« ** 


^CaI] AjjLj^CH AjJxIH aUaj 


jjall oJ-IxIa dul£ jl ^^IjIc. (j£jui clilAa . j j!) A i*sk\ ^'1 Ajj^juJ! ^UaH aJL^ ^ r\\ 
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j' j— (* ♦) j' p *) ^ ^ i A >s jj— w • 

. ji >Vi 

CIjIa.Y.^ A j ^!j_^ 4 -jAillS (iLJij ^AjaII j C1Aa.Y-^\\ l_j uoLLq j^£ ^I.Y.c* L • 

CjIa * ^ ^! t ^ iia]! ^_9 4 ale* Sjl j] 4 dl jla 1 \ ^ j_Jj £_9j <*— I ] iaIIs^ lU* 4 ale* *l_iiIj^)££ 

.(c5 J^' 

j! ^j! j! S^)^.j-^]! a ii^ mtl cjIji ^ ^]| djli ^il ia]!^ a aL*Jl ^ ^! ^j! iaI! <LJL^ 9j C^) 

* ^ (jj!*2V! o^K <^l]i AjVjuIj Ia j! 

(£•) J (^ *) * W <* U3 (JJ ^ J A-Il£^uj *■> ^ j (J_ £] ^1 J^)^£ ^!^_C- 4 ^ j] L-L-J^JJ ^aj_ L • 

# j! ji aVl jl jiia! 

liu ^Jl ill (J^ judll ^ iJajJj IIaII J 4 aLxJl CIAa^L-^A] ^1 ^ XJ 4 k^aLk 4 ^ j] L_J }£jj ^aj-Jj • 

.<ii£jud]| L -jUaI] <J^iIi]| 

• ** * ** 
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AJului + f 4jiLk Ajk 


flkiVI OiS jl+A 


(JaiJI Jt jti) iaujla m- 


^aJIyfc^faa^LBS) L 

(It..) I 


w n is#i» jp, 1 r * ) jf— 

ljJ.d 1 • • • JjxaII | i 1 T ) j^mx« 

..« V. ic..« ... pi.'i 4 *- Jj^(I'MjH* 

ij-i.d ) * . * Jj-fc.n (if.) J^AA 


* UiiVl Liis Jtfk. 







t . . . ^liL jfcli 


(it.. )j (AU 

|( i ■'r. ) 5 *li 


j ^uJb j«b j . d ( ♦,* / u ) |om j : ( r-o ) (O j 

jALmj juLiw ji AxSajUpj) jpU« ji jSUj * 
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^ * * Cy* cJ^' jl ^ ^ >^a 1I ^Ic* ^jLiaII 4-)AxJ ^UaJ 

; ^L U kAxl\ CjaJ gr jiL 

>V.,g,^\l 1c* A..a^m Cllli Ajc*Li_j^a 4 ujjj / ^i-julLaui / <_£ jL^j ,n^ / ^ j|j| ^ 11 ^ / CjLoA-^ ^ n^a 

* ^JUU) C5^ Aj^illll ^xlaJ <j^£jj l^\t 

£_j^)jj a£^-juj a -ilc> *i^Ijl!a]! jLiill i > * ^ \\*\\ c1jL_^. ^ 1 jl a^^ ^j_j Ixl 

a£^)joi]| ClAJal^lLaiV Liila S^)jl^ll ^)j^a3 AjJa Ajlij Cj ilij 

^ IiaII A^gLc, ^j^jj A^> ^1 ^J| (J^AaII A^> Jjj^a HI 

j axJ! ^Jal ill L_L_£^)Jj ^ % / CIlJ V A ♦ X Y ^jJa i£J aII *L-g_^Jl ^ lc* 4 j^xlilt (jj_£j |Xl 

(J ^ ^ I g ^ c*l^Louol A__xj^)I j_& £jl uill 4 i^aMt ^\ laJj I JLiUlall S^)*lJii] 4 A l A l * j)\ JJ Aj* uiJ 

. (TN-C) ff <jS-^i ff ^ J>ll J^Uill 

I gjlg- L_L-£^<& 4 — ^ ^1 i QJ ^ jJ jl 4 ilgi^II ^_9 5 ^L-J^-SJl £_J^jJ 4^^—ui ^ j_9J [X] 

. Ailkll ^LS jljio 

Cljlj^iliat Ac-1 na^alL^Luall Sjl M) A aLxJl djLaA £*1I Jl ^.Ij ^1 J. £* L_l £ jj J I |Xl 


^ IiaII j ^ ^cJUSLlaII ^cjJa 


^U4ii ^ ^jidi ^ 


(Jjl JtjJI 4 laij 4 jAxj (J 1 £^iaII dj^fl ^Jl 

J^Lxill ^ J ^k\ lJ LaVl ^1 jj ^Jal § e I ^Vi 4(TN-S) f, o a -« 

c^I^LjujI ^jj-£j LcAjC^ A I j^ail aJ-Ljujj (JJ^ (PE)cP ^ ^ c _ s -jJa jVI (Jj^aj-a (J^j^ajJ <— 



J 


0 


Jill" ^aL—laj] ^ iLa 

aj Jlja.Vl c?^J 


A ill A -a v .^»n LijLaj Ai^« jflll 


03 JJ-^ OH (j-^ajVlj ^lj JJ-1 a UH cP'HJ^' jW 5 Oj 1 -^ h'-^- ^j4j 0 

A jM .'0^^' ^ l* 1 ' _jill £. Li^JI Ax uj j)\ j ' J 4__j^lj]l _jl j LaV I 1c- ^ L^<a\l jl jj L_l\__ui^ ji 

^gk 4_jjIj^)^1I Aj^*j 1I A^, jl ^3j-« a .« > 'A"u„. a \l 
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4 Ax_jujj Ji Aa\\ jl-jMl Ax_juiJ A_^> j^l\ ^_9 j_^axJl ^JaLJl]! ^)l-j1*slj L_J 

^JaL-all ^)L JJ Ax-^uo S^Ljj J 1 ag ^ ^)_j£! dlx_ juij £-Ja! j9 jLjik! j £—9 

LYlUVl ^JaL-Sl! Jjx_julJ lc* I j^LJi J jL_JJ UJ-^J J Cjjd^ A/lC- AjJ-juj 0jl_Jil <_£^j_J 

^_9 J}_J^)^ Jlxd] (^^3-J ^ ^)Ljj ^cJ-joiJ ^x-J (J-^J LJlJa 

A. ic> (J«o'nVLjj A_^> jlil Jdl.2 C1 jVI.,^\1 ^—9 Jj_j!^)^ 4dc* ^ILjj 1 aa A qJVi^a ^j\a\*\ jl 

. JUlEill aLIS j>! 

A A j\ll\l J j iA\ Jl JdJ ^ 9 ^1 J^)^£ L$J^ ulLojI A xy\^y± J9Jj [X] 

; jjjll diU . jl dilj 

j ^W J kia 4 _ jIS jll Ja jl JJ ^J,.J3M J aj j jl JJ Ax uij ^Jal all Ax uo ( ^ ) 

L_Jj£^)J (jlS-c AJC* 




JL 


^bu 


L_J juo 


iLLoII ^Jal ^ll laj J d 9 jj ^ Ku (Y) 

4 Jl Sljllj xj r- jll j£j dl ,9 ^4 


Ai. ^a! ^<JQ 4 iLOa-all 4 Jl £Ull J £J l^aI! j]l j£j dlA 


. jbikVb 4 ^UJ! (IEC - 439 ) ^ J^' 


\ 4 i\ C-\jA J ) j^o9 lIjjJi ^ ^ JC- x la! cAi! J L*a9 Ax uo j d 9j xjI JJ 4 jli ■'j* ( r ) 

Aju^)juj jAl Lg_j S^)jl^]l Clljl^ lij 


; AJUU1 Mg Ax») ^4 Lgjj ^jL La£ 

Ljj^j — S^jI^I ^9 AjuLo^II A^j9 (!) 
a jU j S^)j!^ AjuLo^I! A-<iJ5j CIjL^. jll! ^jjj Aj^xjI! Cj^IjI£ J! jial (s-j) 

ajAV! ^ £* (J £* ^J Ijj A y\ *\W CA ^ ^1]| L-J (j\ ^ ^ ajULa A * ^ (dj) 

Ajj uj A jjjj d! jjj! j jj J 4 I A 3j 1 Udl! dl ^ ^Lj ^1 

dl ^ i ^ ^ 
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( 2 nd Type ] 


1 g ^ J ^ ^ ^2-Jj 4 ^ \\jsW (JddA dV j 4 -v 4 9^0 ^1 IaII (J-^ 4 ic. jjJl &A-& ^jdLoj 

V^' 4j A ^aII) (JldudVI 4 q 1^> u ^9 s.lj^)g^ll ^J^jj A^^juo SAdxdl dldal ^ aII 


-la uj jlLoll A g.'N.W 4 j£ia> £. Jjji SA (^5 Sc* ^11 ill (J£*. 


Jdi) C 1 AJJ 


4^_a^)ill &a & (_£ j idj 


d 1 j Id ^ % ^1 id (jlal Loll (jia *J <jl S\ C *\ £ 4 ^1 L^all a (d 1 ^9 j Id Y Y j! ^ ^ ) 

^)Jj i£l 1 4 ., u*u) d 1^9 J Id Y * ^ SI ^*1 Id (jia *J dl l&j (SjAl all A nA^a) 

dllll J^j\ l~iA (J j^S^Sl (jjfLj (jl L-L^Jj (^tLLudll A nA^j 


1 J-^ U J-U^ cs— ^ ti C5— A j (RMU) A A-J^ilill Clsl_*. j] (_s— ic. J U-1J J 

j_ld Y c j da jl ji dlij J...JUI IV ♦ <* ujj ^1 j_j^ l)j— ^ dlA (LBS) J -^11 Sc- ^Jal a 

<d_J j9 j \j*S Y £ A.Mg.'N A...1C- j nJ j_Id Y ♦ j d9 jL_ ji dlA jl 4<d_J j9 j \j*S ^ Y Aug.'s Adc- j ,.jul 
4^1 AH 1 g d £j^)dllj dV j. ^s^Sl 4 , la^s^a ^—11 (J j'vY.SS A ..aS^sSl d^LAd LjAdj £_Jal jill &A_A ^ j_9Jj 

Jajuo jdll Ag ^kSl ^-Sc- LaLxJl 


IaA_C-I j5j <J_d£ (J-^^JI (te5 -Sc- ^JaL-3j (J j LjAiil ^j^)dil 4 j\-v ^1]| ^_9 A-^jJ [X] 

d # <^l * # £/ ) ) a g ^ (J j ^_u^| £ ♦ ) (J j-ja^ll i^)A_a iii-v jld uij L ji-^l dg^JI ^ Sr^ 

£ % * lU^si ^Jal kll UJ (JJ £ij (d # til ^ ^ A g-^. A ic- J # d # til C % % SjA 3j 

x^a^Sl jl ^Sal A^.1 (Jj^a j j)\ g x/^il Aid ^lill (Jj^aall l^jg j 


jLjill dV j— dlj—lal ^_SI (J_j^a ji (dLjjj) dlj-Jal L-gJ A jS^s Sc- djajl 4__^. jlll ^ j Id |Xl 

AlA_C. j 4 Sldll 4dUall AlA_C. L-l-djil ^jLdo A j-^-j ^ ^ dblA— *Jl L-l-dji ^Jj— S A_gdl dV j—^^j 

J d-j^k J— ^1 jl i.d # tSl W * * SjAd (J J ^idi C5 dll dl jll c^l 1 a j A llxill J— d 4 aUall 

^^jAaiadll Agdl ^^Ic- dlAlAxll L_dji (jSl jl l # d # <il C % ♦ ijA5 dV j^^Sl 
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Y £ * ♦ 4_Lullj^)]| <jljjJa3 JV^a A^.Luia <jj£j (jl [] 

(jLk*lll ^a Y ^L^all it*\aju) (JSj VI ^3^ E 
jW 5 J (^ jW 5 ) >J® ^ % C5— ^ J^' M J— u' < o->j 0 

^3—L J-^uj k x.jUl ^ g , > \t A ^ jL 3b *Jl <Q 6 JJ v_]U ^3—i j_uJ (/ ^ % ± YO) 

^^kVI dil.^ jlll aSL^ (33j1a jIjj^cIi] ja Y Y ♦ 3 ^ 

3_^l j l-jlj£^)I1j ^,, Vi^j 46^)I^)_^JI J l . l qVilj ^4-joli] Ji-jojl <j_a A_a* jiLa A-a* jW\ LjVIV C1ljI£ 131 [] 

L_1_j£^)J ^li-J (Jq.^Ail <j-A Ig daxJ <j_C* I *IaJ AS j-j^aLc LjVlaJl C1 ljI£ 131 j A_a> jl\\ L V.juVnA Ji-juol ^_3 

# Aj^la^)]| (^ja 4\\\ ^3 (jLVjuj 

(J-Lat j, a«o\Ij (JjIaL^ (JJ^)Ia^uia A_j A v.ajAja S^L^a <j_a J) jqqj lg*iA c*l3 ^.,\c>t A.,j\A 3 j^_j <jl E 

CjI V3 ^j,.,jg, Vi J ^ 1c* ^Jal all (Ji uj! dU3j CIjVIjI £11 C*i,.j nM 4 i^WaII 3^)j_Ilj 

d£U£ll 


jLaaJI *4 ^ jWi\ *4 jllI cA vis £. ^ lo (JjjjjI £ cA il l_i j£jj L 


# ClAAj^al ^ a1) ^3 S3.W a!1 


# ^j^joia]| 4 qlViAj a£^)ju; \ g jlJVi ^3ll djlL^al ^ aII ^Ja'sj ^l^lilVI |Xl 

A-S^C, ^_3 (js-ikW a\I 3 g y\\ dib^^lj 4 \ x^Via A3^)^ ^3 R.M.U (Jj"sa\I £jJaj (JjJa3J [x| 
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3 rd Type 


- Used if 1 MV A < load < 5MVA 


^lxl\ £_>a c-Ludj] ^ * * * L) ^ ^3 J)A AiUa] L ^\ «$♦ 

A3j AjIAjlaII l_u£jjj AjjjIL ^j-9j ^Ua3 I^jaI £JjjJ C1A£^joj <jl 

# ^j^)ju1a]| L-l^L^a Aik j bL<al£ ^Liilil 

6(jJai^L<a lix x>a C*ll.*s ^]j AjV ^^> a L_1 }£^)Jj ^ 1 l*dt Jajuo jlxa l-ax x^a ^^^<a s-Ludj] C > \\h ^JL^. ^3 ♦*♦ 

t Cl)l >ag >all j (AjL^. ^^LolLujI ^JjJJ <jl 
;(joui jlal) ljIa jj) pjj,al) Up ^Ult SIp)j^ ^jL ♦*♦ 

.dil. j3 jij£ Y Y — Y * — ^ ^ # £ (Jjijuilll A^ AjAaA ( ^ ) 

^Lalij <aJai* ^3 A juVi'N jh\\ ^J^jJ A^^yl djLAlali^ <9^x>a ^Y^ 

^_3 AJkA Jo^a j ^<a Y # £ <jX* (J_9 j V lAa a aa) 4 j *Ox^<a ^ iL-o ^ I ^11 a J^juo jlLdl >^g /n\1 (AjL^ 

Metal ) j' j-^> ch> (IEC-898) j (A't) ^.<j.f <jj->-^' a> ** »\jqb dilL^al 

# (J-lijaLlll ^j-L<aljj 4j\jx^a\l (j«Ial^)C»V Ale* ^ 1^xd\ cJjli (clnd 

j — jjj^ o»o> — ■.) csj' — *. ji (Vacuum) ^ — liiii ' — •! »J ^- j — j ji — ^ (1) 

.(SF6 ^jj£H 

Aic> j_n^al jJj£ ^ * jl 3 ^ ^ ^ >Vg > Ajc> jd^al jij£ Y 0 (jC* <J£j V ^Ja3 Ajuuj jllI (J^aVn 

dil^3 ^ Y Y ^ 

CIjL^. jlll ^_3 ^lHL<a ^<a J^al^ ^al J^a\i JaJ^)]| A Aj^xMI CIjL^ j\ 

^Jal jLull Ajljujj A_J>^M1 (J.^aVn (^aII d^J ^j-L<alli] Aj^IjISj 

cJ^VI ^-lc» AjuaJl ^jljjJa3 jLjJ Ajuuj ^3f^ ^ V ♦ 
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^£.2 oAxua^a AjC-Li*^ (Jajuo _jialt Ag^Jl i**^ _jl) OJ& U (“3^ (V) 

-all 

c^U t a l ) l ^£> Aa&jj .lajxjj AAJ^utii OAA A^jj 


1- Case No. 1 

- In this type feeding system is from two different substation and there are 
joint between them at medium voltage by using bus coupler (2/3) 

- In this case each transformer operates at 50% of rating. 



Operation of Bus coupler: 



C.B-1 

C.B-2 

B.C 

Normal operate 

1 

1 

0 

Source- 1 

0 

1 

1 

Source-2 

1 

0 

1 
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1- Case No. 2 

If the project is considered a very important load make joint at low voltage and 
M.V side. Circuit breaker used in MV from SF6 type or vacuum type and it's 
rating 630 A. 

In this case each transformer operates at 50% of rating at normal operation but 
in case of one transformer out the other transformer operate at total load. 
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Function of Bus couple at low voltag e 


1. To avoid Parallel operation of two transformer 

2. To avoid high short circuit level 

In case of parallel operation the total impedance of the parallel 

1 V 

transformers will be X tnta i = - X So, Is. c = — — 

Xw^Is.ctt Is.c will be doubled 

If TR = 2 KVA ■=> Is.c = 50 KA but at parallel operation will be 100 KA 


( 4 Th type ] 


(j « 66 KV J4* j— & £-1 ^ cl) * ^ A cJ *&> cl) * 

.Loops cU^j l 


.ifraJ) fcQjj CjIajI 


J • 


Aj ujLiill ClAi L^al 4 Hjl (jj) ^ ^ Y (j C* uo (J £J V L_l] x-a 4 djl ^ juai 

. (IEC 439) jl (Vi • f .df) 11 

(J j'sA.lt £— Ll jSj (jL-jJaS j—iilLc jLjj Cll_l ^ * * * <j_c* cJj— >Y..g.> <J— 9J V • 

Ajl 3 jlJI (JL^Vl (Coupler) 

(J (Jl : \a\\ (Jjj jq) ^_lx9 i jJlilill 2 J A 6 jJlSj A_IaJJ^a ^ ^ j ■ --»9^ jl_JJ 4-»_m (jj_£j • 
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£-Jal jiL dLa Si.*! »^ll (Jl ) ♦ ♦ ♦ S^)d3 (J J) j) (ft 20 (J-C' 

# (jLaa3M (_£*li>Al (J Ajljujj S^)^S Ua*s j ^ift 30 (Jp* (J^j V ^)x«^ ^)Ijj 


Si C^l^cj ^ Jat jAl ^)L_JJ 4-* juj L-jl ui^j ^ \,.,\\j^ (js->kW aII Jai -Jail dl a j\ (jl ^3—(j 

cr-i] cjUa. jUI 2^ j^' j^' ^ 2r-^' (Coordination) t? 1 — 


^JaLJAl (jLo-jJal ^Ja^jJaj dlll^)J d3 (J-j^a^l] <CjI£ ^]| ^aUaJ <jl (j_^a d^LAlj <dlC*^)i]| dl.,*s jW\ 

^JaLall Ls -^ ^Adill <_iSj ^dlli t^dL ^d tV jl j ^511 jl J a^W SjiLjj a JaVil L_ij_aVl 

t A-jjqUJ^)]| dLa. jU! 


^ O ♦ % j_ft| L_gJ ^ jj-dJl jL . jj 4j*_juj (jj_^J (^—Al j (j^aiaa ^11 J g-aJl dll a* jl ^_a (J da2J • 

J diX-^aj^ Ug_i l-A_x^ l_lAo (Buss-Risers) S^L^all jU-daAl ^ hvi J j_n*l 

^_ll *L_lg dll a. ^111 (J-^a ^jl j)\ ill! Jj k-a jj ^jia^)-Ju £±Ladlll AJLl uo <LJj3*-^ ^ J 

#( ^jLa>AI (J^Ij j ^ jjjouA! dLa. jAl 


<L_Lli jl (4dLtj) Jjjblj ^1 lab 5 JO ji]| 4 04*^11 ^ jl d>a SbC-1 L^all (jlj daAl ab gJ (jj Sjj • 

y di-l ja Y Y ♦ /d 1 jaV A ♦ jl j_JaVl b.-g.^w ^ .lc> ^jLi^jjaAl dii (J_^uj (Plug-In) 

Aj^) Lxa^Al Aj uoLl^ll dlla__^al 4_ajLla-aj G * 4 jAjj j Jaj)\ + (Jjl *j + ^)!j_3al 

A \ Va'i l q . — .1 
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a a Jsl\ <j J-Ji Ai ^ U. 

w' ** ** ** * 


AljP j Jzui jlaJf tl jU&i hi u 

_c, L_a — S jjj L_j^U. <j — « £jj — dl UJ—^3 


1 f # 4^_S!)Lk j a Sli x-aII ^ jj iJl j 


■^J £ jj — A\ 


J >^_II L_£Lk 


JJ— ^J JJ ' — tP^J £ JJ— ^ ' — -P^J Jj— ^ ' — P± CS 5 ! £. jj — dl 


A£ j b (J « ji Sj btlA £ JjjliSl Cl >V 


t jj-^' 


4 i^ij 


xl t C cl uiA 


^ Sc* Sjb a 1 a^-La 1 j| di jl£ lit Ja ka 4 jJlij 


jb ^l^kj Uil j_i aJj # Ja_juo jIaII Jl ^j^JI 


j j£l ^jj a 1] ^ S£JI Ji a^.VI cl i jI£ b] 1 a I # ^jj aSI (j a Sb *-a 1I Jl a^.VI J aI£ a j^xl 


AjujI £^jja 1] (J jkbl b!)Lk jjfb ^blbj 


I biLiJl I §-}Sl bl jJaA ^Jj ^Jt J jljC ^ *J (Jjl UlA L&A2 C* (JJ ^Jj ^il I \ *1 


J j^> -La Jj £-lat &J 


abk LaAI 


JaJj SI 1 j!iLk jj^JJj .4 J^al V I 


^ jj iJl L_fllj bl (J jJ uia j a £. JjjliSl (jb Ca3 £. 9jJ <. 


■^J SL_c.ljx i .i >j . £ jj — dl cs— 3 jl 


^ (J jJ uia ^ SI -laJj Si £-lal b A x-abbl 


J j^ — ^ uj — j ‘ (tP' — ^ /cij*^ — i) - (cs — /c^' — ^) ‘ (Interlock) £ — ^'j 2 


^ Y Aj Lj^Ia. L_ljj^)j ^Uaj jj 
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£>j l qq Jaj ! ^ j c* *\\ 


: Lgg u f ^ t^Uii 

i ± a \ la (J-*a ^ c-lj ^)0 

<j 4 W\^\l ClAj^UaJ! 


jjj — ^ * 


<jl ^ 


^)j uj! (j ^ J A 11 (j ac* A ijIjl^ ^Y 

(J d Cli jl£ £.|j Ud a!| 4j k-2ajl AjU^ AJdJ £-ljJ Udl Q 4 ^ 

A m Crl ^j| c. qV^ aj Ja^ldll jl 

*Ljik aLcI ^ j Clj^LA£Jl *1 a ^UaJ f £ 
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<l£U£ll <jL^aj| J J J^J )K1^ 


CA JjUaill 


L-J ud^. L-J j Ha^ll ^ xl\ A x,y\^y*j dA jjUaill Ajo^A jui A 

Aj^la jl Cllil£ 

Aj^)\ ia &AaC*I (jdJ dj^Ljj^a jllll <La^Lud Ajl^I^g^V 

ClAjjUaill L_fl^)C. 4 jj£J cIk^ CJ^ 


L) oil 


0 


1 gi^Lal ^ II I giLk^lj CA ±}£jli]| ^Ij 3» <ia uol Jj ^JJ aII I cJW^ 

(j I §jU ^ 5 s J ji I gjlA J ^ a Clll jilj I gj Cj^ V ^ la. Aj±A uj 4 L^)laJ 


. J 1 ls^ 4^ 


I ilia I gJJJ^)J ^ Ic- A iaa\"s^\l £ 4 <^11^ 1 ^ xjA\ j)\ 3aVI ^ lc* ^ ^ ^r 5 ^ 

^ SsVl jH uiaII S\ cJ £. « ^)j>al uiaIIj 1 1 J^LaJl £. J^a Vlj ^ iaiJl ^_juo^)1 \ 

LgjLg-^> AA l£ ^jujI^)]| j 


IgJ 4_ilkl^]| c* i\. \f \ jlill ^.aj (Jja (J^.1^11 ^ jllI cIjU j£^ aA l£ iiUaj (A Y 

ilaill <Jjlc* i. iU>SM ^a l_u^jj (A V 

(Jj i £ 5 a I j£Jl £■ 4 -J^J \\ ^sj/all 4 £jaJl iaJ jJa ^aJ J (A £ 

IpUJl ^9 ^Jal^ll ^ kx\ ^lill j 




(J£ Aic- ^jjjjl! y' ; ■ >»‘^ ^.UaC. c_u£jj ^ “l 
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Hjfij 1 (Ji * C 5 ^j) f ^ < 0 V 

. 4^U*n C5 Jua ^^^ 


ij_ l»V 


cii jUI Jjll xJI J Lo cii -ijjjj L_i j£jj 




a^ jV J jUI *UJI j (Fixed and moving shutters) 


ej^jlill C_u£jj ^ A^LJl L^Ul A-ijJajVl c-UaC* C_u£jj tilled ^JJ (^ H 

t(l Se j_ ^ ^Jl J!)LjudVl 3^)1 ^£^1L_II eiiLo j u^l 1 iLla) ^ (Y * 

a a a <L^)Iaj Jj)l *JI Aj ea^)Vl c«Uac* L_i j£^)j 1 eii^iljl Jl L_i e *j ^ c*l^)j I ^ 

jl 4 — kJ Lx-La 

^LikVI l ^ L*-Lc eij|^)LiikVI Jjse^-JI eiiV ^ (Y ^ 

^ik j <jj) (J j^JI lj!)Lk (jjj 0 jojI jjII aJ!)U ^sViSI ^y \ je ^Ac* elA jLlkVI (Y Y 

eej I* jl) ubc eii S j9 ) ) *> e ^ <Jj ^ jlL a ^ jlll ^ 9 SI j j! je jl ilkl (Y V 

Jaj^]| j J ^i.e]| ^Jal jS AaJ^)]| ^J^sl jkll J ^JjudXJ^ ^J^JUd 


L>“' ^ * j— 6^') t J- 


^1 Slj ^jjjI jail SJ) g-^-V a Ul a^c^I Jl (j « e JJI (Y £ 

( ^Jal j^]| J (JjijuaJ j'jJj ^-Ll jiil j (jtJt ejLJj jUjUj 


|Ja jk 1 >> ^\l ^UlIIj J&\ ^Jal jliJl !■»» * >» (_j>a O 
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c-Ljj^ jCj ^J ajuol ^ j^aILj JaJjll SjjIc jlj jl <La^Lud C^lull ^Y 1 


g*Wl^La aj jiajVl ^-la_ 


CjV jaa!) Lij£ CjIa^ 4 j frjjjjJ) jU£i t-u£jj ^Uaj 

jVI <C* j CuV C*lLud£l L_u£jJ AlC* ^C*ljJ 

j_D 1 ^lijjlj 4_ul UJ Jill S J_cASl! > ) 

aColill jilc dj^Llill AjLo^. jL<uJa] AKU ^uaJ 


v ^ ^ ijjlaj ^ c-l j* ^ ujjill Sc c-lill ^ 1c. ^A JiAW c_j j^jj c ic* ^Y ^ 

lA ::K\\ \ a\\ C g_^Jlj Ja uo jsSaII C ^xil jj £j jl Si C>l j^j 


L&^_Lq (j£j <j^alill Cu^Ull (jLajI 


(JLjujI CuL-LJ ^_jJajj til_jjj£j jl cixAZ-ju ^L-*ijj c^Llij ^ *A\\ ^ V^\ jli jolaII L-^ ^ 

<JjujLia]| j£LgV! ^-9 c^juo^ll 

Clu jll jl jij C ^oll Lilia (J A\ Cluj l_j jjoiIa Aju^.1 ja ^ ^ 

AIi^JIjla] (J ^aJUd^U L-JJjuU (Jl AjU^lj* ^ O ^ 

^LjajVI ClC* (J ^ jui^a (J-JxjuU 4ujau 

j^Vl ^»jl lil lAjJ-jij L-lUaj jua* l£Ludll ScLa 




J L^a 


.jilloSL 


^ ^ l **\ Sjjj Ca o (J 9 ^ Jj k^a 


^Os 


,j3ll J.! i a (A) 


I^jolc^Lj JaliLlj Jajuo jLali dll L ^ A 

CuU. jlllj (J ja^allj \1 j jjj^a Jjll Jaij ^-Ia^U Jalj jll SC j>i C^lull ^ ^ 

(Terminal lugs) lJIjLI (> -^' ( ^ ) 

ij-all Q* j jj j! (Alucopper) (f / l>^^) 3^' u^*-a]' ^jj c> 

. cJi^l ^ i fl!^)Jai (^» jA® 
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<CLa_jULa (JjAjSj t£liua£Jlj aLj^jJ <La^Luo ^ ^ ) 

,A&\ c_j! Jj j Jajo! jlLdl ^ 4^ jJ[ c it ^j| li oxtail (k) 

4-m A Jja-4 Aijfr J^U ljI ,ag all l_u£jj 

{j^aA'i ^\l JL__gjsJi 4 2v (J -s.^\l j Ja__joi^aiLa]| ^ ^ <■ _ ' .f'J' ^ ir - C-I^J 

• ^jV' Apia AijC- cKb 

kjji jlail AajI <_u£jj 

_ia, ui! jP) cl uil Ji cJj a-all 4_9 ^C. ^ Ij A (Jl A pi ^aj j | 


1 — « 


J ^V' CS ^ 4* ^ M — :£j^' 

# ClAj j£^llj ^juo£ J jl jU^ll ^ C* lljq Vi Ig-J c :> 1,Kl V C5^“ 




CjI &UJVI ^ (J « ^ Ui) jj C5— a 4 jffi (^) 

(Jajl C* n/n\l jAjcLuia jl ^jj ClAiil ^l^klojU 4 £Aj 

AjjJa^)VI c«Ua^.VI jJ 

(jj£l£judll ^ 4 j J^a ^11 ^ ^ 


O^U £11 


ill c^UU 


k jllI Aj_ 


a J^) 4 ,3^ 4 -X'st^a 

. (^-^J uj) 

jJaC- 1 L-J j£^)j ^ 

IgiLuj) *y ^ 4 U>I^1 (JjQQ*i 
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_=ua]l ej. gJ a SaI aj 1 g -n. , j^p. j £J1 (J j dii jda 


( A ) 


^1\ <LaL^JI *iic* tglll^J j 


(J ^xl\ L_1 J^JJj 4-1 uAiall ^JJdJ j SI ^al^kj ujL £3 jjA\ J (J j ^all Jlj j] ^aJ J (J ) 

C*) J-a A- « L-J ijAIaSI L_1 J^jllll jl Suz (J i.|j Ajt jJaj J d3 Jj*s^\ 1 J j^al iJl 

g ^ ji g.^kll Jjlj c. x-saJ Cli Jj =s^l! el =Jl jj £j ji 

. Jj^aII jA L^jill JajLaJl 


<S jK*ll ^3 (J j*s^ll 3^a U«4 ^aJJ 


CJ 3 


A XJd^ 


jll A_Ja 1 j j» ^ ( 

J^ii ^ jj jl jl £ IaIj (tijjl j' O^J jl) J ^ ^ 


aJ A J j&Uall A jl^.1 jjdl ^sJ J (T) 

i Jl dll LLLa. j j S q 


C_J^JudJl A jA A£U] jJJl A ^1 ^ jj djj jll ^A^JoUA Ajt^.1 jA C^ISS 


til a] f . j .adll jjA (Jj a^alt ^jj d J Jj di aJj^ ui A jjldal j « A ^tdll ^ C-tjJ (i) 

j d) A* d Jj adl j JJxJ A ]l_a. ^ 3 jj >«Q-v i all jl Ja ui jlLoll .l___g_aJl A &.j] 

. C X^V1 odl >V jt Jal j 

J j' dll Wit -N.il ^ 3 Jj -n. ^11 4 3j*J f ' J J' Jj -n. .1 i ** il -vt® jj_dj jl ^__C- 1 JJ 

j_g a J j gJt ^Jj d dll dia j j £j jlj Jj adl j a Ja dl f. j ad A Lida 

Jj-v ^11 jA _Ac- 1 (_^jjjula j Jj-n. a!1 jj! -v ^11 LiM -n.11 
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Jijull (J ^11 


j -a ijf 3 l-u£jj 


C5-^ (J^ LS* (j^J*) C5^ Jj^' c^j ^jlll JU.^1 ^JJ ^ ) 

ClAj j£^]b ^>jua£ c5^ jt ^ C* iljq Vi Igj U,w1 V C5^ Aij^)laJ ^ (J-^t^t jUaVI 

jaaIjuia jl ^Laill ^l^klLojU <L^> jilt CIijjjj C*ll,n\ Alajujl jj <3Aj LlojIjj U^l jilt jjJaj V?u>a ^jj (Y) 

^-LjI j^Jl) Clliiiill 


^jjjjll (jljjJaS ^JaJ^)! ^llll ^JJ 

( L ** v ^ j cj]) ^^it <^1 ^LujI jj C^UKO 

(Mechanical interlock) 0* -^j ^ j-^j <^-a (°) 

Aliiili j\ AjI^I ^£lli]|j 

4 ^. ^illj ^ J (JjjIjS *J)$ >V Aj^)^Ua]l <La!iljai]| ^C*I^)J ^ 1 ) 

. <-U^ j 4^' 00 


1 j J j^j II CxU £ 


J — still ^ — J (A) 

. jU jill J! VWj Jja 


^ JJ iJl j (J it) ds^j\ SA\ L_fl I 


' £ — ^ — o (j — 0 ^ is — & ' 0) 
4 j^Ij]| ^jl^laVI CIiIaI^jI Ai^jJ f^ya ^£l!i]l elc-l^o 


^»l*JI ( ^jJa^jVI A^Jjjj j^QJ Aa. ^ lll cJj ‘ ^baj] (j ><« ^IjII (1 * ) 
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Lg-j AjI aq a\\ aUjI ^ a£IA]| ( ^ ) 

(JLoC*VI 

*LA]Lg Sa\ aJ Aj^jL_£ 1I A^a Aju <J_klA ^ j^)_i.j (J j AjL-^jS Ajuj (j_^a A-Shll 

. aUa! ^UUJI Ate *1! J^U 2LLIS 

Igj SjLdl Aj^IA^II aa*J 1^1aj!>Lq j Ai^)ill <J^Ia Aj!AA£JI *L*!Ajuj ^ a£U]|(£) 

Ai^)iJlj AjL^jS <Lg^Luj 

<J_jklA (J j ^-i^LcVl A g (j-^a ^jAaiAi A_g_^Jl Aj^jL-^ Ai (j_^<a A^till^l^ 

(J pmy (j£* SAjxj IgAl j 

(jj A_i \j*A J! A dial I 5 ajjiallj Jajl j ^Jl ^ 1c, Aj!AjI Aj djjj <j « A £llili (V) (V) 

l^-jlc* SJ>aalj AILlLq j ^Aj!AjI£ AjjujI j <J>al ^Ic* Ac* ^Aa j^a 
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(Medium Voltage Cabled iiX/LS 

M.V Cable is always selected to be 3 * 240 mm 2 AL / XLPE / STA / PVC 
Because any M.V Cable designs according to: 

1 . Current carry capacity 

2. Short circuit level. 


Example: 

At 1 1 KV => S.C MV A = 500 MV A 
At 22 KV ■=> S.C MV A = 750 MV A 

c ipS 

ISC = -p— = 7- , = 26 KA and A = 14.2 Vt ISC 

V3V V3* 10 3 

at t = 1 Sec. 

So, select C.S.A = 240 mm 2 
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Jfl-ui jIa 1\ y\\ d^LtS 1 a AJLjla 

j)\ i-Slj t>\ Loll Ja j lak C* }xJ lAA a! dj\ )\ ud! L_1 uijl j)\ ilk! distal kll J a (J & ^ C-l^)J 

j,W"i j (Ah (J h d / j! j > 1 j!^ ^j! j dll Ah ^j\ j jgVi L_L_^jj Clil 3 jqjVilt j 

Lg-Lk!d d^LA£Jl ^)Ua9V AjjuoLia]! ^)JjujI ^a1! £dajj ^j! jjoJLj dllxialilil! (j£Lal 

ti-^i ji • 

Ail ulaJ >Y.,*st ^l! (J— jlkll ) * * X (jia^)_ C* ^a— joj£ % 9"sll £-Ja£>a • 

^ ^ (j£d ^9 ^jJa ^9tda ! ^juo Y * 

^ 1c. 1,^.,^ (J-jl£J! d ^a-L-Jj (_)-jl£Jl d (_)-j9 ^-juo ^ * Jj_^axJ ^Idl! (J-^g^)]! A ^iJa £-daj ^a-J # 

L=iah— jail! ^aJ_Jj dd! c-1— ill jljj^ £-^a dl^ljL-SJ! d S^) j ^ \c. 4 & j <J_A£JI S^)j£j 

^ j dlldJ 4 uajd^l! (Jjs!^)dS! ^ lc> j_adl ^_9 (J_A£Jl *2^)_9j (J— jlkl! in 4dj£d (Jj-J^la (j-C* 

^jujY % ^lijjb Adtj A dla L-fltdaJ ^aJ doll £.IjjI Jjlkll d!^ duo ^ ! dlliA (JJ^-J V 

; 1 a 1 \ fUjj AjjV! dUaLu^Vi Sl&lj^a cjajj 

. AjujILoS AJjouIIj ^ l^kj LoC- djj do dlljlgd^ (JjldSl ^paJ^}XJ f ;&d^ ^ | 

^gj] 1 <5 (jc. (J-jl^ll f.Liajl jJaS I « (Jia VI ( _ 5 -C’l>J <J-j!^l jl-J^i-a ?.l_iajl 4 JIa. (Y) 

. (Jjl^ll t . (Jjl^l ^>ia3 

J_al£]| L-fljJa J (J-jl^ll <-J^la^)]l L-IJjuijj V ^ CliLaL^jll j CliV^^ajll (J-aC. A£-jjui 

. ( End Cap ) 
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jla A ;4Ja^aXa 

ixui jIaII ±a! jAaJI 
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Special case 


If the total load very important & less than 1 MVA. 
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Power Factor Correction 


Contents 

1. Definition of power factor. 

2. Purpose of power factor. 

3. How to improve the power factor. 

> by using calculation 

> by using program 


1) power Factor Definition 


csjSJt ^ ^ ja j (power factor) J 

Laj 4 inuN*! L * Q ^J ^9 (Aaj (jl (Jj 9 Adlj^^ll 

- jl\ ^a Sj^all jl\ ^Lu <jl Sj^all c* i\ 

( Apparent power)(S)^> $j-&t ji Aj>Ual) Sjj&i -;Vjt 


dll jilL lilj t jldll ^9 /v\t L-J^)jJa ^A j 4 jK\t ^Aj 

u' yr^ 0 * * 4 (KVA) jd j' jd 

^_gJc- ^ c_i^)jJa (jl O * « I.AA S^)J3 

Sj^Sil <1V^J LajI^ dlV ijc. 3^*i) I^A (_£jLuiJ jLiilt I a\A\ L_al^)lai 

u' c£' -^j jLjj j^-j -^-j jIjj . jIjjII V ^ cPWj^ jU-=^ Jj^4' <jV 

^Jj 2 (jl (jjJ J ^aj AsUal! 


( active power) (P)^uiii Sjj&ii 


^3 f . ^^3 _jl d)l£^)^a]! ^3 LgJ jLsjjuiaII (jC- ^)J*j ^ A_$ 

L-ljjJa (Jx-aLa. cs^J 4 £tl] 4 dlULijuJ! fjk ^3 j! ^JjLk^a4l 
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* (KW) jl (W) Clll jlL j 4 jLliil j ^»LgJ Ujj^ jLlill L5^ 

^ ^ jLuaJ <Lgj3 jUj IujJ <jl ^-ixJ Clllj ^ * * 4 jj.} 9 jlLa 2)ilLa9 

4 ^ ^ % ^ ^ L , (j^ ^ ^1' C-JjjJa (Jj^aL^. ^ic* *L<& jjoiiLa Cj il j 

= c>' jUj i j«v in nn 4 ^llLa dllj ^ ^ * 4 jj*^9 ^1 ^j| CJ^- £ jjJa <lg£ ^Jax-J 

<4>^ ^Jaxjj 4 J4±xal * B 1 A — % )) 

(Q)AJUi Jjxil ijM -;tilti 


jlillj <ySj j 4 AjlsU ijS$ ^J] (J j^jj <jl (jj^ lg^\g*uxn Sj^l (jc* ^>jxj j 

^ j* ^j ' jft J j^' J ‘ (KVAR) J(VAR) 

(jV <llxi]| qa d^lilLujVI cj^^j V <jjAjj 1*^ (J^J , 

^9 djliLJl 4 !■> i» ^ ^9 A^I^JjoiaII bH^9 4 4-ij^)^£J| AiUall Jij (jC* aJjjjoiaII <11x9 jjxII 

<j£J j <£^)^ ^Jl ^.jjj J (JJ^ i J* Ig^lg^J jV <11x9 jjc* S jJl9 <ii^Jl ClA^p^l 

air gap i> shaft ^ J 1 stator i> ^>j^' ^U4i Jjj^ 

c^UUI J AiUa Jl JIjSjVI CjULJI J ajjj^II Ailkll JjjaJ Jj c^Vj^4l J tSll&j. 

aJIjlS ^)J*-5l A^lia]! (jc. ^)dstJ ( ^juu]aljx4l (Jl ^ ■»!' j COr© ( ^-uii2al-ia-a]l (Jl ^ ^1' (J^l^ (j<a Aj^jIj]I 

AJIjtS Jji-11 o^^ll (J Ja (jC- (J^jll Ja_jJa^ (J^- AllJall (J^j j 



Mug Capacity = Apparent Power (KVA) 
Foam = Reactive Power (KVAR) 

Cola = Real Power (kW) 


Power Factor 


C oin (kW) 


Mug Capacity (KVA) 


Ch: 19 Power Factor Correction 


287 


Power System Distribution 


Eng. Abd Elmonem Shaban 


Power factor = Cos 


^ active power(KW) 

Power factor = 

apparent power(KVA) 



♦♦♦ It is represent the amount of useful power consumed from the total 
power at full load. . ^ 


21 Purpose of power factor correction:- 

> Case No.l (before compensation) 

Ps ^ P|^(l ^ 

Qsi - QLoad 

Any motor consume :- 
and 


PLoad = KW 


Q L oad = KVAR 


Motor 


So: motor have PF Load = Const, at full load 


So, in this case:- Ql - Qs 


PF, = PF, 


> Case N o.2 ( after compensation) 
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At Supply At Load (Motor) 

Ps = Pl PLoad & QLoad Const. (not changed after adding the capacitor) 

Ql = Qs 2 + Qc PFl = Const. 


From Case (1) and Case (2), P s = P Lo ad, Ql = Qsi = Qs 2 + Qc- 


So we can say that. 

Qs 2 <Qsi ^ S 2 <Si as P = Const. 

P.F = L S U — P.FfT 
S = P + JQ = VI, V = Const, P = Const. 


Q| — ► S| — ► I|| 


Is2< 1st 


so: - Current decreased 


Ig-hd La j. dilaj^all (JLaaJVl j (JjJaflJ 


supply 


T 


So we should improve the power factor to:- 


1) as 

III 

- 

C . S . A of cable || 

2) as 

III 

— 

V.D = I.R— ► V. D || 

3) as 

III 

— 

Flosses — I • F Flosses II 

4) as 

III 

— 

Temp || — ► Heat || 
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f A£>u!i 112a 


1- 0.9 < P.F 

<0.92 

— > 

(accepted). 

2- 0.92 < P.F 

<0.95 

- 

(bonus). 

3- 0.7 < P.F 

<0.9 

— 

(penalty). 

4- P.F < 0.7 


_ 

(cut off) 


ij±i J*abu Jjil A— ^ 

sj iiSjl J1 'i ijjill JL V' l^iLcC- dlhn\ CjUjA jajlwj — 

.jIV' 1 ^-iC- * . H ^bu j^j£j ^jl j A-ajS ( jt 'L jli2:l j 4 \ 1 . '■.! 

4_jiu j)ii jli ^ ^ j * . V jjj Ls >bbaj * . 1 J s”i i jJijl ijxbu j j£j La^ic 

^ yiuLA ^uojS jjij! j£ sj^llil (JaIjus ^ /jJaliiJ • . * ^ jj^l / * . ^ ji-lLaj jljj ^iUail 

I ^ ’ — '. ) lr ..- bull Jr* IjM ju W jc, 4Jl£j ( j£^ij j * l^j 

0.9 -P.f 

Annual cos t of penalty = 0.005 x ( ) x (Annual consumptio n) x tariff(L.E/kWhr) (9-6) 


jAa< < -' «^s jjjoS ^ • , 3 i 0 j * , ^ Y jjj LaJ ♦ . T Y ( jfr ijjffl (JJju S^Uj j 

* . ^ Y jj£' S^iill jj^bu ^3 ojLj * • * ^ ! * *® jljjLej 

:^Vl^ (V-t) ^LLull j- 4 SjjSlI JJju a^b j ( Bonus) Jsla. bal£j 

P.f -0.92 

Annual cos t of boiious = 0,005 x ( — — ) x Annual consumptio n(kwhr) x tariff (9-7) 
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specification of capacitor bank 


1- Qc (KVAR) 

2- Fixed step 

3- Variable step 

4- No of steps 

5- Capacitor voltage 

6- Connection type 

7- Type of controller 



3) How to improve power factor . 

By using calculation: - 

Qc = P (tan (Dow - tan (b New ) 

Where: - 

Qc = Reactive power of capacitor (KVAR) 
P = active power of Loads (KW) 



We assume initial PF = 0.8 Lag and it will be improved to be (0.9 ~ 0.95) 


(b oid - cos 1 (PFoid) 


New COS (PF New ) 
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Example 

For project contains 

1) A/c loads = 700 KW. 

2) Lifts loads = 20 KW. 

3) Water pump = 5 KW. 


Total power = 725 KW. 


Qc = P ( tan <D old - tan <F new ) = 725 (tan cos' 1 0.8 - tan cos' 1 0.95). 

I 1 

l Q c = 300 KVAR ! 


> Another method to improve the PF from Schneider LV guide. 


We get KWF = Kilowatt factor. 
Where: KWF = (tan d> old - tan <D New ) 
as P.F New = 0.95 



W-4-UJI 

» -'t 



P* Foie — 0.8 



P L = 725 KW 
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J-a-w t ** ' JSL] i**>L c!j L_j^jLLi_j 4jLw . i, t -N. j 1L *> 1 1 

l A. a . S ^ " UJ J i i ^Jl ** 1 - * -JV ^ J _' a 0"° J-aLx-O * ■ JJ 1 dUjj 
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Design o f capacitor Bank 

Fixed value 

Consist of: I 

Variable value 

For Fixed value: 

Fixed value used to feed the transformer at no load. 

* depend on the Rating of transformer 

> If transformer rating S < 2MVA, Fixed value = 50 KVAR. 

> If transformer rating S > 2MVA, Fixed value = 75 KVAR 

For Variable value: 

Depend on the loads variations nature as 


Type of steps:- 

1) 12.5 KVAR 

2) 20 KVAR. 

3) 25 KVAR. 

4) 35 KVAR. 

5) 50 KVAR. 



Because the loads not constant but variable so the capacitor bank should 
be variable because of it may causes over voltage. 


As Q c - If Qc t 
xc 


V t . 
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Connection of capacitor bank 

Is always 3 phases connection because 
•S More economic than star connection as 
S To cancel the 3 rd harmonic. 


Qy - Qa 

Vphy _ VphA 
Xy ~~ XA 

Vphy 3Vphy 
Xy XA 

XA = 3Xy 


WCA WCy 
Cy = 3 CA 



300 KVA 

(50+10x25) KVAR 



Loads 


So A Connection is more economic than y connection. 


^jJaj (J (Jj3 Axj t_su£dl 

Cj] j3 £ A * q C. (Jaj VI I . Cjlii&dl 

(power factor regulator) iiAifcdl ^ <JjA>a ^ ^ aVu^I I controller —II 
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How to calculate C. B Rating 


# I rating = I cap =1.5* KVA. 

# I cap = 1.5 * KVAR. 


Qc = S c 


# I cb = Safety Factor * I 


cap 


Where: - 

Safety Factor is 10 % over load above the normal capacity. 

30% they must be able to take surges due to any harmonics in the circuit. 


So :■ 


I C b = 1.1x1.3x1.5x KVAR. 


I CB = 2 x KVAR. 


Example 

AS Q c = 300 KVAR 
I cb = 600 KVAR. 


CB = 630 A 


Cable : 2 (3 x 185 + 95) + 95 
CU \ XLPE \ PVC 
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Harmonics and power factor 

JjS ^ Harmonics 4*^ PF j harmonics 

^1 AjlUil Harmonic -d' 4*-^ . % V * ^ 4^' • s l4-*a j n . iVi 

t - '1 a'X ^\1 4^ j] AjIasJ jJ^i £jJa j ^JJ lilljll j t - 4 a'X ^\l 
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* j 1 .-ii t : <, 

4 iJjLiJ jjCtli jjd S^piH ^uajjjui (JlloSM L_i jLuiV^ *1 j-1^j ^j-c 4 *-j 

L 4ii.Jjfl !_llJ iJLJjjiil CjISjjJj -3 t J^ijl ^ ^ 1 (_JiJ JJS 


^J 1 


&3 i {JJ Sju 4j JJjLjiil Cjli jjj£J > Lj 4 ll& -_U3 j)»^W i AiLLLluG TLJj^OjJ Ifrjl 1 A J 

4j^Lsjl jUuj^I ^U 3 Jjp* (jAiJ JLu^ 4 j]& 4 u Wi 5 ^ '\ j ^jj ^ Jul qAj'J'J \ l ** J a l .A jjsjI 

Sj ijl 1 Jufe ^3 4 1 jila> a 31 CjlS^iJdJl ^jj! L-IiSj^ j AjjjojIj 

— lAjf£\ -iajjj^ji^ jJ *j4l3 4 -f CIjUjSxjI 

J jAil judJj l L±ki CjlaLiS^ijI djl Cljt jLukV ^ J :* ml j£j J l ^ j J,L 

. IEC 60831 

. = # 


11 J 


3^ ^ *+ 1 ,,wj b^ 


t . **\\ 


jLuj\ i ^ i J ) TT + C-SL^aJl 


. CAjKIjS 

SjJlU l " J * ■' 4 r_ j a** j. j! -l .j jfLj (jl il ^x+ljj jjl i. ^ i J,L 

^_>a Jllj *4 j jma all 4 jv iS ll ^ui }f ^ T 0 4 liuib JK.VAR.J 4jbt3 JJ& S jJlS ^\jjI ^JC- 

JlljI L-Sjjiaj 4 ^ ii j a^jl jjl j* y *1 LJ^Luu —u' 4j1jlAjI jji SjAall 

SL^il Jl g-iJ SJil 3jj' j : ji-^lij Ja jplij ^4 ^ j ^1 

»L^Lu 3 4±ll cj _£, LiJaj- 4 i^ ■ 

*« -_J --> O *+ *+ •w' J 7 ^ 


J© jL 


ii 1 Az 


a ' 


11 5 


q t -i J ' ^ '1 J ' 4 Llll r_J 


/U3 ^ j^_ii * 


jjUxail 4 — JUill £jA_a]l (jL Ui& i (Rated voltage r.m.s) 

^ aj3jI aAA j 4 dJj3 £ * * jA j ^J.j» .'.*i i it V -s. Ai& i Jj lmaAll 

.l44» c 1 -^ ^ CjUil j4 ^ j^s j ji j Quj Alii cliija i t * Jj 

A j JiSajI v_S ^ S t" i! -v j \ AjAi_i ^a-lj S 


&A 


f, 

L 1 1"%. 


/jja C-iUilS^ajI t ^ nSjjLi jl'i's ^aj 4^y 

55 + Ji 5 - jaL r Jj^ 3 iS^ ‘ 
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> . © 


iLcJ J 


0 dl^ An^Oj' O j'd.' gjj 

^ A - ^ ^ J _*£j - ; ~ i (Rated nonnal cmTent) 

• - ' i' a i v ^ A j ^ ^ 1 a 1 ' JUiI» 1^6 



: dUXdi ^LiL^i fi A a ■■ ^ J*1 .X *u 

^ ji (Current limiting HRC) jUili AjILc ajuui cAa jaL^o* 

(Jjx__uu \c AajLill ^-Jjbtjl t jjmjl : ’ i. ^ j & .1 A u a : '.I ^ j -*->Vi . ^ '.1- 

. c33&A\ 

(, c‘iV ^ i.l s ji ^-ic- dj-u 1 A ; lAi.dl . --W-. ’.'i j^.1 j 1 ^ ~i) j J l .^a, djJLa. Aj& 

dll iodcj' A c. j ■'■ ~- a ^ Ac- J ^ 'i _2 ^ liuj) j. ' 1 w > i i. "~ >1 '.I - 3 js - j\ 

4 — i' j J* L 'll 1 ^£^1 jdJi C5"^‘ 4 ' fc ^ ^ 

# <j J jjjcui 4_c, j ^ j-d 1 ^ '■Al S .Tv'll J 3A 'il Ax- ^ ^ '1' 

* * 

Cli pj Ijli 1 i. j j£j J ^ ^ ^ j ClA ^ 'j ^Jc. ','i j 

_ ? 

j i. a ■ j 1 g ■ '• '» l _i l C i j W ^_ga d-!J j ' d Latjjjjj « da ' jfL: 

• -i* ^ fl ^_a ^^LlLa p Isj J i JtjlLj j, Ac, j-ft-s- & 'I 
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' Lill . • il aU ^ ^ (^) 

(Automatic capacitor regulator) 

Fixed Type diAjJ p i \c L*l l ** A a Vv ^ \\ c Llujjj ® 

."Switched bank " J — J— ^ P j — il' j 


L^i t & J jA\ sliiJl JU^ tljslS tt] tyill , Sim m * 

* CljLjJjjil j (JjiuJiajl dJ ^pS (^Lk W^J^ 3 

V—* L5-A 3 ^f^' ^ ^ lWvj AjJ duliil P PHjsP * 


tfilj £ * ^ 3 li'k *1 (jL&iVl j di^pa ^a il ^ ^ Vi /pa ^lc4 

p J 111 ^ J A l! a*iS ^ il tjJiB jtpkl ^jV ^uapkj 

• JaI£J1 ^ jjjl d:LC,tjj^ J^iLk 4liAj 

j -Jj^aiij (Jjtall p jill d A aVv^l l .4 -J l >*3 v 


u- 




*> ) 

l li / u ua 


cj Ki ^ v . ^jsui yi*in sj^sji 3 ^ ^ 4 ^ 

* JiHji {JajJ ^ A ii JJUL^dlJ dilijJ * 4]LsJl 

p^ ji A : 1 a uljjl Cli^pa (JU^Lk SjdijjdA AAj^oj jjljj (J^AiV^ CjjLS Ijl ® 

^ liil (jLa^V^ AJLa. j . ^Jij ,<■ ,.r^ jliii j (JjULlI p jjji^ ja ■w %> J. 3h£ ^ t + 1 i s . jj 

j £aj 4 jii ( Sjjdc (jLftil + 3^1^ jLoi’i J /jj iQj.1 Liill /jjlijl^ji jjtjj * ' 

U — ^ j— ill * y ±3 t C ^ ua 

^Jj6 /mJ ^_JI Jjj^a Jill J (J ‘ -^a'l 1 (Jj'yill p jjil *■ >L h ' -* 1 ® 

y ^Ji ja _S fA . 1 Si '' i ^ £AW s.. ^ .L^l J C_)i j^3 l^J (StSpS } 

— =- 6^ ( Automatic Regulator ) JV' ^A\ \ s jf~ J& 

. Ala. jx J£j ( Contactor ) ^p^tiU 
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: (Automatic Regulator ) JV1 fSVfl 

tfA* 6 aA Jj u^V' jA JWA a A J * 

, AjjjJI (j) * 

» t** ^ a*iN i». '.' jjjo jl J i. jj3 jl i . ji ^Ic. sj-lSLajl <1 * 

,-Li^l jjla j' * 

3i\ iJalj ^ a 1 j •* *•■ 1 r} ; '**- 1 SJ^*I1aj^ dJ j b '' aJLs. * 


• A-jilli _J jC 
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Short circuit calculation 

Purpose olshort circuit calculation:- 

[1] To select the Rated breaking capacity ( leu ) KA of circuit breaker. 


Time 

(min) 


overload protection 
long Time Deley 


S.C protection 
short Time Deley 



Ir: rated current ofC.B (Amp) 

Im: intendance short circuit current ofC.B 

Ic.u: max short circuit current or ( Rated Breaking capacity ) (KA) 

Note: 

l r : depend on KVA of load 

leu : depend on the impedance of (Cables, Bus Bars and Transformers) Will be 
discussed in details in in this chapter 
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[2] To select the suitable Busbar to withstand the maximum short circuit 
level ( KA ). 

Effect of short circuit current on busbar 



Thermal effect mechanical effects 

Is.c ■■ » temperature rise I s c —►force 

Temp a I s .c force a I s .c 2 

HI What is the meaning of the short circuit current of busbar is 50KA. 

This means that the busbar can withstand the temperature effect and 
mechanical force effect from the short circuit current of 50KA 

[3] To select the cables to withstand the maximum short circuit level(KA). 

Cables are designed according to: 

♦♦♦ Current carry capacity or thermal rating. 

♦♦♦ Voltage drop. 

♦♦♦ Short circuit current level. 


How to calculate the short circuit current 

1) By using manual calculation. 

2) By using Schneider tables. 

3) By using programs. 
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> Bj using manual caJ^ukUwn. 


ZjjVI j* (I s . c )j^l j\ {p 4^ py 



. 4-}JxjJI ^Jl 4,J?<3 f L juj Rt lIjLjIUI <. lAAt'S I y 

Rt=Rl+R2+R3-\ ( m ohm ) 

. 4j. IxjJI ^Jf ^ 4 hi i ^j-a Xt CliLuLa-aJI L. Lui^l ‘ Liitj 

Xt=X2 +X2 +X3 + (m ohm) 

cUJI i^U 4JU (400/230V )4jii2ll Jj^J 4+jVI UfLl jjj jj£JI j&JI UO -:lffi 


How to calculate [ Xt and Rt} 

y Any electrical network contain 

1- Upstream network 

2- Transformer 

3- Cables 

4- Busbars 
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> Upstream ( medium voltage ) network 
MVA SC ► 11KV ► 500MVA 

MVA SC ► 22KV 

R UP = Z Cos 0 10 

V 2 

Where: - Cos 0 = 0.15 & Sin0 = 0.98 & Z = — — 

MV/ 1(SC) 


► 750MVA 


R UP — Z Sin 0 10 


> Transformers 

X = Vz 2 -R 2 

Where: - 

W c - Transformer copper losses (watt) 

S= transformer apparent power (KVA) 

Use (Z %) ~ short circuit of voltage of transformer in (%) 



z = Use x U 2 
100 S 


> Cables 

p = 22,5 (Cu) 

p - 36 (Al) |_ (m) = length 

S (mm 2 ) = cross section area 


X = 0,08 L (3 cables) 
X = 0,12 L (1(f) cable) 
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For example 

1- el-sewedy dry transformer aluminum winding 


Rating 

(kVA) 

Highest 

Voltage 

(kV) 

Impedance 

(%) 

No Load 
losses 
(kW) 

load losses 
at 75 °C (kW) 

load Losses 

at 120 °C 
(kW) 

l 

160 

12 

4 

0.61 

2.3 

2.7 


24 

4 

0.65 

2.3 

2.7 


250 

12 

4 

0.82 

3.1 

3.5 


24 

4 

0.88 

33 

3.8 


315 

12 

4 

0.95 

3.6 

4.1 


24 

4 

1.03 

4 

4.6 


400 

12 

4 

1.15 

4.3 

4.9 


24 

4 

1.2 

4.8 

5.5 


500 

12 

4 

1.3 

5.2 

6.0 


24 

4 

1.4 

5.7 

6.5 


630 

12 

4 

1.5 

6.4 

7.3 


24 

4 

1.65 

6.8 

7.8 


800 

12 

S 

1.7 

7.7 

8.8 


24 

5 

2 

8.2 

9.4 


1000 

12 

5 

2 

8.8 

10.0 


24 

5 

2.3 

9.6 

11.0 


1250 

12 

6 

2.5 

10.5 

120 


24 

$ 

2.8 

ns 

13.1 


1600 

12 

6 

2.8 

12.3 

14.0 


24 

6 

3.1 

14 

16.0 


2000 

12 

6 

3.5 

14.9 

17.0 


24 

6 J 

4 

17.5 

20.0 


2500 

12 

6 

4.3 

18.3 

21.0 


24 

6 

5 

20 

23.0 


3150 

12 

7 

5.5 

22 

25.0 


24 

7 

6.3 

23 

26.0 
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2 - el-sewedy dry transformer copper winding 


Rating 

(kVA) 

Highest 

Voltage 

m 

Impedance 

W 

No Load 
Losses 
(*W) 

Load Losses 
at 75 “C |kW) 

Load Losses at 
120 ”C (kW) 

160 

12 

4 

0.61 

2.3 

2.7 

24 

4 

0.65 

2.3 

2.7 

250 

12 

4 

0.82 

3.1 

3.5 

24 

4 

0.88 

3.3 

:3.8[ . 

315 

12 

4 

0.95 

3.6 

4.1 

24 

4 

1.03 

4 

4.6 

400 

12 

4 | 

1.15 

4.3 

4.9 

24 

4 

1.2 

4.8 

5.5 

500 

12 

4 

L3 

5.2 

6.0 

24 

4 

1.4 

5.7 

6.5 

630 

12 

4 

1.5 

6.4 

7.3 

24 

4 

- 1.65 | 

6.8 

7.8 

800 

12 

5 

17 

7.7 

8.8 

24 

5 

2 

8.2 

9.4 

1000 

12 

5 

2 

1$ 

10.0 

24 

5 

2.3 

9.6 

11.0 

1250 

12 

4 

2.5 

105 

12.0 

24 

6 

2.8 

11.5 

13.1 

1600 

12 

6 

2.8 

12.3 

14.0 

24 

6 

3.1 

14 

16.0 

2000 

12 

6 

3.5 

14.9 

17.0 

24 

6 

4 

17.5 

20.0 

2500 

12 

6 

4.3 

18.3 

21.0 

24 

6 

5 

20 

23.0 

3150 

12 

7 

. 5.5 

22 

25.0 

24 

7 

6.3 

28 

26.0 
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> busbar 


p = 22,5 (Cu) 
p = 36 (Al) 

L (m) = length 

A (mm 2 ) — cross section area 


Cutler-Hammer 


AMPERE RATING PHASE AND 

UL 857 IEC 439 R A L BA R 

nCPTU 

cu 

AL 

CU 

AND WIDTH) 
INCHES (MM} 

225 

225 

225 

.25x1.62 (6.4 x 41.1) 

400 

400 

400 

.25x1.62 (6.4 x 41.1) 

600 


630 

.25x1.62 (6.4 x 41.1) 

800 

600 

1000 

.25x1.62 (6.4 x 41.1) 

1000 

— 

1200 

.25 x 2.25 (6.4 x 57.2) 

1200 

800 

1400 

.25 x 2.75 (6.4 x 69.9) 

1350 

1000 

1550 

.25 x 3.25 (6.4 x 82.6) 

1600 

1200 

1800 

.25 x 4.25 (6.4x108.0) 

2000 

1350 

2250 

.25 x 5.50 (6.4x139.7) 

— 

1600 


.25 x 6.25 (6.4x158.8) 

2500 

2000 

3000 

.25 x 8.00 (6.4 x 203.2) 

3200 

— 

3800 

.25 x 4.25 (6.4 x 1 08.0) 

4000 

2500 

4500 

.25 x 5.50 (6.4x139.7) 

— 

3200 


.25 x 6.25 (6.4x158.8) 

5000 

4000 

5800 

.25 x 8.00 (6.4 x 203.2) 


X= 0,1 5 L 
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EXAMPLE-1 


200 KVA 
DB4 



L-30m « 


E 

E 

O 

£\l 

O 

■M 


+ 

Ll 1 : 

T-J 

X 


o 

> 

c_ 

LU 

CL 


3 

u 


1 50KVA 
DB3 



"E 

£ 

LTj 

t 

LTJ 

L=20m? 

in 

cs 

T - 

X 

n 


O 

> 

d_ 

O 

> 

a. 

3 

u 


100KVA 50 KVA 
DB2 DB1 



£ 

-£ 

o 

Q 

S- 

L=15m + 

O 

rj 

T“ 

X 

C3 


O 

> 

CL 

o 

> 

g_ 

□ 

a 



L=10m 


E 

E 

to 

T~ 

-h 

n 

c-; 

X 


o 

£ 

o 

> 

CL 

3 

O 


UiQi:a| 

Meters 




. 400A 
"'MCCB 


. 250 A 
pMCCFi 


' 200 A 
PMCCB 


100 A 
p MCCB 


3ED V, Sfl+N+PE.Sfl — KA 


j^iMO A 

I * 

"0^ 

100CA 


cii| tvpr- harsficirmfir 

WP KVA {fT } 
\ - ,kv 


2=4,5% 


A/-* 


1X2W1 Tin ^ 


AL /XLPE/STA/PVC I 


k LJ&i 

S.h J-l i rtl ^ ,1V* K 

LJ >t : <T? J : > 


M J 


I- -T - 


MLVDB 


out 


R.M.U 


EM 


— '4jjyi L—)L±jU ■‘Lajf luLul^ l-Jj /A <ci 

f D5-4 c& DB-3& DB-2 & DB-1 & MLVDB) 
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1 ) Upstream network 
MVA SC ► 11KV 


500MVA 


R UP — Z Cos 0 10 


-3 


R up — Z Sin 0 10 


-3 


Where:- Cos 0 = 0.15 & Sin0 = O.98 & Z = 


V‘ 


„ (11000) 2 

Z = 1 —=0.022 

500X10 6 
R UP = 0.022 X 0.15X10 


-3 


MVA(SC ') 


X UP = 0.022 X 0.98 X 10 


-3 


R UP = 3.3X10 ° ml? 


X UP = 2.15X10 ° ml? 


2) Transformer (630KVA &losses= 7800 & z%=4.5 ) 


R = 


Wcx U 2 
S 2 



X=VZ 2 -R 2 


z _ Use x U 2 



100 s 


R _ 7800 X (400) 2 10 _ 3 _ 4.5 X (400) 2 = 

(630) 6 100X 630 

R 2 — 3.144 ml? 

X = Vll.4 2 - 3.144 2 X 2 =10.95 mO 

3) Busbar (1000A ,CUJW=41.1mm& d=6.4mm) 

p r 97 c yin 

R = — = — = 0.85ra/7 X=0.15 L= 0.15 * 10 =1.5 ml? 

A 41.1X6.4 


Rj= 0.85 ml? 


X=1.5 ml? 
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> Short circuit level at MLVDB 


Isc = 


Uo 


V 3 x V R| 2 + Xt 2 


kA 


R t =R ! +R 2 +R 3 R t = 3.3X1 0' 6 + 3.144 + 0.85 =4 mi 7 

X T =X!+X 2 +X 3 X t =2.15X10 5 +10.95 +1.5 = 12.45 mi 7 



400 

V3X V4 2 + 12.45 2 


17.66 KA 


-tie ill jLj %10 ^ l safety, factor ^ ul cJxJ: i±l 

20 KA cjrjLu (MLVDB) 


> Short circuit level at DBM 

2 

For cable (4x35+ 16mm ) and L=10m 
P L 22 5 X10 

R4 = — = — =6.4mi 1 X4=0.08 L= 0.08 * 10 =0.8 mi 1 

A 35 

R t =R!+R 2 +R 3 + R 4 R t = 3.3X10' 6 + 3.144 + 0.85+6.4 =10.4 ml? 
X T =X!+X 2 +X 3 + X4 X t =2.15X10' 5 +10.95 +1.5+0.8 = 13.25 mi 7 

I sc =— -J2?== = 13.7KA 

V3X Vl0.4 2 + 13.25 2 

(BD-1 ) 4-^jl -lie ^ x^adl ^jLn %10 safety factor ^ 4 II 

Short circuit level at DB-1= 15KA 15X4 
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Shoti circuit level at DB-2 

For cable (3xl20+ 70+ 70mm 2 ) and L=15m 

P 1 77 c y ic 

RS = — = — =2.8ml 1 X5=0.08 L= 0.08 * 15 =1.2 mi 1 

A 120 

R t =R 1 +R 2 +R 3 +R 5 R t = 3.3X10~ 6 + 3.144 + 0.85+2.8 =6.8 ml ? 

X T =X!+X 2 +X 3 +X 5 X T =2.15X10~ 5 +10.95 +1.5+1.2 = 13.65 ml ? 

I sc = _ 2^_ = = 1S.1KA 

V3X V6.8 2 + 13.65 2 

i _gjLuu (BD-2 J i^j] -lie %10 safety factor ^ 4. <udl c-jyJajj 

Shoti circuit level at DB-1=Y7KA 17 K A 


Short circuit level at DB-3 

For cable (3xl85+95+95mm 2 ) and L=20m 

P 1 77 ^ Y70 

R 6 = — = =2.43mi ? X4=0.08 L= 0.08 * 20 =1.6 mi 7 

A 185 

R t =Ri+R 2 +R 3 +R 6 R t = 3.3X10' 6 + 3.144 + 0.85 +2.43 =6.424 mi? 
X T =Xi+X 2 +X 3 +X 6 X T =2.15X10' 5 +10.95 +1.5+1.6 = 14.05 mi? 



400 

V3X V6.424 2 + 14.05 2 


= 15K71 


^gjLaU (BD-3 J 4^jJ -lie ^afl jUi 4. 




— j j j 


Short circuit level at /)/?-/=! 7KA 


17X4 
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Shoti circuit level at DB-4 

For cable (3x240+ 120+ 120mm 2 ) and L=30m 

P 1 77 c; Y^n 

R6 = — = =2.8mf2 X4=0.08 L= 0.08 * 30 =2.4 m/7 

A 240 

R t =R 1 +R 2 +R 3 +R v R t = 3.3X10' 6 + 3.144 + 0.85+2.8 =6.8 ml 7 

X T =X!+X 2 +X 3 +X 7 X t =2.15X10' 5 +10.95 +1.5+2.4 = 14.85 ml 7 

T 400 - A J T A 

I sc — "p — / 7 7 — 1AKA 

V3X V6.8 2 + 14.85 2 

(BD-4) -lie ^>^-1 ill %10 safety factor ^ +<ua// 

Short circuit level at DB-1=16KA 16KA 


ljU , ..-vtl t>axj Aajj 

(upstream network) R tSUiSj X ^uua JLaI 

(Busbar) J R X : uua JLaI j£-<u-Y 
(Circuit breaker) J R ^i£jX JLaI 


Standard of panel board short circuit level 
MCB (4.5 KA &6KA &10 KA &15 KA) 

MCCB (10KA & 18 KA &25 KA &30 KA&36 KA &50 KA &70 KA&85KA &100KA) 
A.CB (36 KA &50 KA &70 KA&85KA &100KA &130KA &150KA) 
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> By using Schneider tables. 


jLj 4. <u3 c^UjSj 4 t laJLa 4. j (Jj-h 4-9jjlaj i ■ ^sJI ^)Lu 4. «j3 L—iLulsJ 4-jjHi *UUjJa _1 


flA JILi £j-*o 4 .^ 3 ^11 ^)L-P L-iL Jj £aj 4- xaj^utJI 4—^jJJI lc- ■ «a&// 
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^al. ^ luiLl ^j ^uL aJI L^jJ (J£ (jC- ^) i^i ill 4- i—lLut A ^jjjLuJI S.L.D ^yo CJjUsLa 


’ - aJLLuJI JjL la. II 


.(MLVDB) 4-Laja±xJ! 4^jUI -lie ^ 4 «a&// ^ 4 l» i-jLui^— ) 


Jauijlall <£fuil R& X <Uu3 JLuAIjj 500KVA Z%=4 % <Uu3 ^jt 2 


.(800 A) jliual] 


'J 


L= - =1.5x500=750A 


T V V 100 . T 

Isc= — = — = — Ir =25 I, 

Z% 4/100 Z 4 r 


Isc=25 X 750 = 18.75KA after safety factor Isc=21KA 


S.C. level at MLVDB = 25 KA 


> For MDB-1( CABLE 3X70+35+35)(L=15)(OLD S.C = 21KA) 

The new short circuit level=17KA (S.C Standard for MDB-1 18KA) 

> For MDB-2( CABLE 3X70+35+35)(L=20)(OLD S.C = 21KA) 

The new short circuit level=17KA (S.C Standard for MDB-2 18KA) 

. jjSVI OLD j<fi 4 tj_ jLj_ dUjS i J $hJf_ jLiiJ Lulj 

> For MDB-3( CABLE 3X70+35+35)(L=10)(OLD S.C = 21KA) 

The new short circuit level=20KA (S.C Standard for MDB-3 25KA) 

> For LP-G1( CABLE 3X35+1 6+ 16)(L=20)(OLD S.C = 18KA) 
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The new short circuit level=10KA (S.C Standard for LP-G1 10KA) 

> For LP-M1( CABLE 4X4+4) (L= 10) (OLD S.C = 18KA) 

The new short circuit level=7.5KA (S.C Standard for LP-M1 10KA) 

> For LP-M2( CABLE 4X4+4)(L=15)(OLD S.C = 18KA) 

The new short circuit level=7.5KA (S.C Standard for LP-M2 10KA) 

> For LP-01( CABLE 4X6+6)(L=10)(OLD S.C = 18KA) 

The new short circuit level=7.5KA (S.C Standard for LP-Ol 10KA) 

> For LP-02( CABLE 4X10+10)(L=20)(OLD S.C = 18KA) 

The new short circuit level=7.5KA (S.C Standard for LP-02 10KA) 

> For LP-03( CABLE 4X16+16)(L=15)(OLD S.C = 18KA) 

The new short circuit level=7.5KA (S.C Standard for LP-03 10KA) 

> For LP-G2( CABLE 4X35+16)(L=5)(OLD S.C = 25KA) 

The new short circuit level=20KA (S.C Standard for LP-G2 25KA) 

> For LP-P( CABLE 4X10+10)(L=20)(OLD S.C = 25KA) 

The new short circuit level=8.5KA (S.C Standard for LP-P 10KA) 

> For DB-M [ CABLE 2(3X1 85+95)+95] (L=30)(OLD S.C = 25KA) 
The new short circuit level=21KA (S.C Standard for DB-M 25KA) 
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Vo! facte Drop calculation: - 


r' 


V.D = (mv / amp / m) x 10 3 x Iactual X L 

j 


Where: 

Iactuai-~ load rated current. 

L:- Cable length. 

(mv / amp / m):- Factor get from cable catalogue. 
Note:- 

- Accepted voltage drop is V.D< 5% 

- V.D % = (V.D / 380) x 100 


Voltage drop for multi core L.V cables 


Copper conductor 

C.S.A 


Voltage drop (mv / AMP / Meter ) 


mm 2 

PVC insulation & PVC ’ sheathed XLPE insulation & PVC sheathed 

1.5 

20.345 


20.341 

2.5 

12.397 


13,197 

4 

7.741 


7,731 

6 

5J99 


5.191 

10 

3,101 


3.094 

16 

1,988 


1 .982 

25 

1,280 


1.276 

35 

0,959 


0.955 

50 

0.720 


0.715 

70 

0.524 


0.520 

95 

0.398 


0394 

120 

0341 


0337 

150 

0385 


0382 

185 

0.244 


0.241 

240 

0.204 


0.201 

300 

0.180 


0.177 
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Aluminium con ductor 

Voltage drop (mv / AMP / Meter ) 


mm 2 

PVC insulation & PVC sheathed 

XLPE insulation & PVC sheathed 

16 

3.263 

3.479 

25 

2.084 

2.218 

35 

1.527 

1.624 

50 

1.150 

1.217 

70 

0.819 

0.865 

95 

0.613 

0,645 

120 

0.500 

0,524 

150 

0.421 

0,442 

185 

0.352 

0,369 

240 

0.286 

0.299 

300 

0.245 

0,255 


Voltage drop for single core L.V cables 


Copper conductor 


Voltage drop (mv / AMP / Meter ) 

CS.A 

PVC insulation A PVC sheathed 

XLPE insulation & PVC sheathed 

mm 2 

Flat COG 

Moil & 

Flat COO 

Trefoil XX 

4 

7.83 

7.770 

8.337 

8.277 

6 

5.287 

5.226 

5.628 

5.568 

10 

3.184 

3.124 

3.401 

3.341 

16 

2.068 

2.008 

2.203 

2.142 

25 

1.357 

1.297 

1.440 

1.380 

35 

1.034 

0.971 

1.085 

1.024 

50 

0.793 

0.732 

0.836 

0.776 

70 

0.595 

0.534 

0.624 

0.564 

95 

0.469 

0.408 

0.490 

0.430 

120 

0.410 

0.349 

0.417 

0.357 

150 

0.354 

0.294 

0.366 

0.305 

185 

0,312 

0.252 

0.322 

0.262 

240 

0,272 

0.211 

0.278 

0.218 

300 

0.247 

0.187 

0.253 

0.192 

400 

0.224 

0.164 

0.220 

0.159 

500 

0.208 

0.148 

0.211 

0.150 

630 

0,194 

0.134 

0.191 

0.131 
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Aluminium conductor 



Voltage drop (mv 

/AMP/ Meter) 


C.S.A 

FVC insulation &PVC sheathed 

XLPE insulation k FVC sheathed 

mm 2 

Flat 000 

Moil | 

Flat CCO 

Trefoil & 

16 

3.343 

3.283 

3,561 

3.500 

25 

2.161 

2.100 

2,296 

2.235 

35 

1.602 

1.542 

1.700 

1.640 

50 

1.222 

1.162 

1.291 

1.230 

70 

0.890 

0.830 

0.937 

0.877 

95 

0.686 

0,623 

0,719 

0.655 

120 

0.569 

0.509 

0.594 

0.534 

150 

0.490 

0.430 

0.511 

0.451 

185 

0.420 

0.360 

0.437 

0.377 

240 

0.353 

0.293 

0.367 

0.307 

300 

0.312 

0.252 

0.322 

0.262 

400 

0.274 

0,214 

0,278 

0.218 

500 

0.245 

0.185 

0.260 

0,199 

630 

0.222 

0.162 

0.223 

0.163 
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♦> Example: - Calculate the voltage drop of two motor 50hp and 
lOOhp 
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For motor - 7:- POWER - 50 HP 

Irated = 50x1.5 = 75 A. I C . B = 75 x 1.25 = 94 A. - >C.B = 100 A 

l cM . = XhL = 125 A. 3jc 35 + 35+35 wm 2 Cu/PVC/PVC 
0.8 

For motor — 2;- p = 100 HP 

Fated = 100x1.5 = 150 A. 1 CB = 150x1.25 = 187.5 A ^ C.B = 200 A 

habie = —— = 250 A. - >3x120 ±70 ±70 mm 2 Cu/PVC/PVC 

0.8 

For DR> 

Total KVA = 100 + 50 = 150 KVA 
Irated = 150 x 1.5 = 225 A. ~ ^C.B = 250 A 

habie = — — = 312.5 A. - >3xl85±95±95 nurd Cu/PVC/PVC 
0.8 

Voltage Drop calculation: - 

( From 1 — to — 2 ) 

L = 30 m; I actual = 225 A; C.S.A = 1 85 mm 2 
V.D = (mv / amp / m) x 10‘ 3 x Iactual x L 
V.D = 0.244 x 10‘ 3 x 225 x 30 = 1.647 Volt 
V.D % = (1.647/380) x 100 = 0.433 % 
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(From 2 — to — 3) 

L = 100 m ; I actual = 75 A ; C.S.A = 35 mm 2 
V.D = (mv / amp / m) x 10' x Iactual x L 
V.D = 0.959 x 10‘ 3 x 75 x 100 = 7,2 Volt 
V.D % = (7.2/380) x 100 = 1.9 % 


From 1 - to - 3 Total V.D = 1.647+ 7.2 = 8.9V 

V.D % = (8.9/380) x 100 = 2.34 % — {Accepted} 

( From 2 — to — 4 ) 

L = 300 m ; I a ctuai = 150 A ; C.S.A = 120 mm 2 
V.D = (mv / amp / m) x 10' x Iactual x L 
V.D = 0.341 x 10' 3 x 150 x 300 = 15 Volt 
V.D % = (15/380) x 100 = 4 %. 

From 1 - to -4 Total V.Z) = 75 + L647= 16.647 

V.D% = (16. 647/380)Xl 00 =4.4% { Accepted } 

If total V.D % > 5 % ( not accepted ) we have to solve this problem. 
As V.D = (mv / amp / m) x 10' 3 x Iactual x L, so if the (mv / A / m) 
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reduced the V.D will be reduced as well. So, we select the next higher 
C.S.A cable. 

C.S.AT -» r{ -» (mv/A/m)| V.D J, ^ V.D% J.J. 


short circuit calculation for cables 

For copper conductor: A = 9.lVtIs.c mm 2 

For aluminum conductor: A = 14.2 y/t Is.c mm 2 

Where: 

A: Cable cross sectional area. 

t: Operation time of C.B ( worst case = 1 Sec. for M.V C.B ). 

Is.c: short circuit current (KA) 

jjc- VI ^ 3 J L*Uj ! (Jj Ijl—jj l -a. II J-g-aJI Ll£LlL-£ ^ jl L-aj/j la V 

j—A <UV . ^jJada i * 1! lax tJaJI ( , ^aj ^ 3 V i D !l 4. oj3 LajIj 

i L$j 3 J£&ll 

R j •ojS ^jy 4—*u3 j ■ <a&ll djjL-ii ^ is x*aj la ujjIaJI J-g-aJI Lei 

. Ija. Ija. ojJXj^a (jj£l & X 
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Street lighting. 


SjIaII jojjiIIj ^IjplVb dlljj CjljliJill djJ ‘ _ ' A* - ’ ^1} Lbl P jl juiJI j jjloll ejbl 

1; AjIaj ui*il j CjIJ Ai»\l ^<s Cjl jLixmII « Jc. JaliaJ j fjjLwili Li jb^l 

■ i''UUlVi*l iic. &LqjV1j CiL2il*ll 


- 1 


Jl j^\ j4j!' f-Uji g- jU3 J& (Illuminance) J 


iJj-aj 


- Y 


1 Ai 1 ,r - (JjU pLj Ja£2 J_>jy dJ Lpiu i Y IS "A * X ^ 1 * (JHAUlll ^U3 jii ^jU-Cl j jl 1 * * * * * 

^__ul£k«| p ' ■» Li-jt j Y * 1 ^ —S. Yi . * jxi 1 ^ua j3 ijbuuj 4 j • ,1 - jlai. IjIj jxi'i j 

•b> j^J j'j^ 1 ^JJ 

L^V Sjl jVI jJjl-uaja 9 * dhl J Loj SpLbVl Ljj*3 L-LSJ 

.pLiwVl jJJ jjbiiJ Jjjl j j > * ^jjaUi-i 1 ^_' iJjLU p jjJajl ^_' ^iL-iaVb 


- r 


/ W fcJjl/jJ LjJjJaJ t-iau / ^I// iylii// giaxj dUA 



Sjloc, y / ^ iiT^/ - ) 
^ IjaJI cJy^ 3 - f 


£ijjii jLo<jjij-r 
SAaC* y / 4ah**i^\ll ^j^jaJl - / 


iLu^ y/ mjLuuJI - o 


fljjJ/JjIa -;L uLj 


Sj^yifLtiji - : yj) 

^xxjj 7 ♦ ^ /^ j // cJj*^ 


jUJI jc* Ly^u ^ j*&xJI ^'Ldjjl 
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^ / r\ ^3 SAaC* Yl lAjIS IaI 4^ jA t & - 
tjjj jUl jL± ZAaC, y / lAjjIS IaI 4-z. jA Y ♦ - 

y/ 44 f71* tl JjjkJl LzjIj 

Single-sided j&I j ujU 5 jLWI - I 


ujUJI d^jll jc- aj*J $ jdl IgjS jjfLj jjj]a]l j* a^l j uj^ Sjli VI ula^j 
J_-£] AsliA* Sjtil LSjjja vJAJjJI jl lft£ (l^A4 vJJjall Liildl j<4 It JjmSJ JSI jjjJall j* 
(Visual guidance) ij >a_J I aLS jVI ^ ja j j£J j ijjjkil Je jj yi a£ ^ </LjI ^ 

$ u 

LA Ay ^LJjjl j_A JSI jl jLws jjjjall jj-ajt jl£ la] ^Jaill lift Sale j tSai^ ujjjjII laA ^ 

Am 
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> Staggered or zigzag, arrangement 


This type of arrangement in which the luminaries are located on both sides 
of the road in a staggered or zigzag , arrangement is used mainly when the 
width of the road is between 1 to 1.5 times the mounting heights of the 
luminaries. 


AiLuAll i jc Al^j<a JS jj£j LJiaJ jjjjall ^jjL^ 

JSjjjII jlajl jxla jjjmi J£ jjj 


L-l j£jj £-1 9jjI jl£ ILI tAj3l£ ujjjjjJI d \ ^j]l ejliVI A^jJ jj£i 

. jUJI jjia jc X I T JsV I Ij jLjws 

'-Jlu-sjIIj dyj .IxJl jjsll 0^ ( W c ff ) JIasJI (j-ajxJl ^ajj 

p^jJajA jA La s- j jLill ^ l^ic. 


^ 5 ■'■ -dj Jjl£ qa^Ii jjjjLJI ij-a (JjI£ JU Ui^ jj-a I La Ail£i alclj* 

£ V 

aJLJ ^gi 0jlaj ^gifr jj^AJ diL £-aj j-a j t_ul^ SjliVI iiU 

.^plsujVI dilLl Ajkjjj Liaji AilSjll S^ljj jj-a ^ jlL L_fil2£II v_i£jj SjLj Ijlj 

.SjLVI s_u£jj , c - ^ j-a LjjLjwi £- jLill (j-ajC 1 jj^J La-lic S.llc. ^Uaill ILa 


D O 0 

fi fi 
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> opposite arrangement 

This type of arrangement , with the luminaries located on both sides of the 
road opposite to one another , is used mainly when the width of the road is 
greater than 1.5 times the mounting height of the luminaries. 










(jULui£ 4j j pjac* y / 





.c5j^» C5^ 
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Height To Width Ratio 
According To Type Of Arrangement 

Type of 

Ratio 

Arrangement 

Height /Width 

Single side 

0.85-1.0 

Opposite 

0.33-0.5 

Central 

0.85-1.0 

Staggered 

0.5-0.66 


Recommended Mounting 

Height Relative To Lamp Luminous Flux 

Lamp Luminous 
Flux(Lm) 

Recommended Mounting 
Height (m) 

3000-10000 

6-8 

10000-20000 

8-10 

20000-40000 

10-12 

> 40000 

>12 


This recommendation is according to EGY_ LUX Catalogues 
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;SjbyiSj4*lpljSl B 


4 . <j y -* 4 ) 


(1 ♦ ^ II ♦ 4—Ujlj Jaj 

4 -Jj! j J j <i xJI £ o J)L g-?Jl 4c. L ui (_}£. luJ J)l 


UJ- 





?♦ 


uiuaJ Sjf*!(Y 


( Vo cs — ^ * u — *) 4 — -kjU c^j — ^ -k 

xJI £ 4 jL $cJ! 4c L uj /^* ■ gj m UjL I <\ r I 


JmJ! 




4 -Sl y 4 ) ) • 4 jjl^j 
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jAJt sjf* yif r 


(1 ■ . o-^) <-AvV A 

4. I ^ J j*aL xJl £ <3 jL Jc t—uj J< Jy . j l 4-?J l 


6 J J. 4 


k Jiiuc-ujJ/. 


4 4jj jl lJdJI SJ ulll 




U.F * M.F * LUNEN 
E *W 


Where:- 

Lumen- flux per lamp U.F= utilization factor 
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M.F=maintenance factor D=distance between towers in ( m) 

E=LUX (LIGHTING LEVEL) W=street width in (m) 



♦ * *♦ 

L 

i j It. 


r. 

A 


Aju^joj jj! 


B 



^ O 

C 

i ajpi & 

aa m\j 



D 


Lj' 

^ . 

E 

(Jdla 

Iojuj jlLoj 

♦♦ 


UTILIZATION CURVE 



ratio between road width to luminaire height W/H 
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For example 

For high way street with 1000m length and 20 m width. Calculate 
the distance between two towers. 

• from the table as high way street lux=30 

• we select high pressure sodium with 250 watt 

• From catalogue 250 watts 33200 lumen 

• As the selected luminaire has 33200 lumen so according to above 
table select the height of tower about 10 m 

• Width /height =w/h= 2 from curve get U.F 0.42 

• height / Width = h / w = 0.5 so according to above table select the 


the type of arrangement is Staggered or zigzag arrangement 


_U.F * M.F * LUNEN 

n .42 * 0.6* 33200 ^ A 

E *W 

U — — 14 

30 *20 


No of poles = 1000/ 14=7 2 pole 


Ch:22 street Lighting 


336 


Power System Distribution 


Eng. Abd Elmonem Shaban 


Street lighting by using dialux program 




Try DIALux evo 


Open Last Project 


Open Project 


|<7 Show this dialog at next program start 


quick street planning ^ wizard ^ File 


DIALux 4. 5 - Project 1 
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Wizard Selection 

xj 

The following wizards are available: 



DIALux Light 

DWG and DXF 
Import 

3D import and 
editing 

Field Arrangements 

/V 


-5 

& 



Line Arrangements 

Quick Planning 

Professional Quick 
Planning 

Arched room 







L-Shaped Room 

n .* * i • . 

Polygonal Room 

Rectangular Room 

fjuuicf 'z- I ; I s ^ ; I L £ r? j 

III Planning 

V 


This wizard supports the quick planning of streets. 


Next > 


Cancel 
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E*e £d* 


i 


: »*ro)r«t nvi 


D 1 AI tix Slfort I iRfil Wfr/ird 


JjLHxt4 lit , 

V.tkjjrfton Folds «nd HuMMtmn fUtMt . .. 

E 9 m vmui o» ccrrimad vikHhan hU± la the itiMh $«*sd «n< > P . jLw*u 1 •< Lto dtfno 9 m ptoiarMti* at 


DwcnpUm: 


B Um * w>0e vAidbon Ictd fa «l d*iwr*i 
IttMyAon Cl*n la tha V^aftcr. Fold 



MCI 


$«£.«*» V*«fccn Cannon VAtaton 

F**di F«tdt 


Ik^nnjhcr. CUfttMt la 
Separate Vduatoan FieldH 


_**L 


<**> 


naatNe-* 

<«X*n 

MJOWSor 

ilrvwMm Qa**** k» Co— nri -xr fe 

VArtfton f «4di <*Ro«n 

logntitrif 


fees* 




<**D 


**•<« 

w 




J*- 

FcrHafr, prefrtFl, 


I <B«ct | NX > | | 


Enter the topical speed of the main user type 


How high is the typical speed of the main user in the street?\Main users include 
combinations of motorised traffic, slow vehicles, bicyclists and pedestrians. 

If motorised traffic is one of the main users, enter the typical speed of the motorised 
traffic. 

Typical Speed of Main User Is 

®g]S]rro‘km/hj i * ja jisi ‘Li cjIjluJi 4£,ju! j 

Medium [Between 30 and 60 km/h] 

O Low (Between 5 and 30 km/h] 

O Walking Speed (<= 5 km/h) 
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Lighting Class Wizard 


Main U sers and Other Users 

Enter the main user type and the other permitted user types. 




At typically high speeds, motorised traffic is automatically the only main user. However, 
there may still be other permitted users. 

O Other users are not permitted. 

O Slow vehicles (<40 km/h) are also permitted. Bicyclists and pedestrians are not 
permitted. 

. X' ^ ! ! . .9.^ h ^ r. . y ?. i? ! i^:-! .i! .4.Q. nn j - . i . p ^ ). . ^ r.^. . p ^ r.rr 1 .^ ^.^.i 


< Back 

Newt > 


Cancel 
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Lighting Class Wizard 


X 


Traffic Flow of Motorised Vehicles 

Enter the number of vehicles that pass a defined point in a defined time (usually 
one day). 



How many vehicles are there per day? 
O Less than 7000 

O Between 7000 and 1 5000 
O Between 15000 and 25000 

® 'M .9.(6 . t b ^ n . 


]1 JlI. 


'_JLg 


La jlm jk 


*jj 2JC- SJ 

J— ai JLkjJ aA\£ 

++ 

G\jJ' A s Aw 1 ^ ° ' ' • 




y* 

C7 


< Back 

Next > 


Cancel 


Lighting Class Wizard 


Conflict Zone 

Enter whether or not to take a conflict zone into consideration. 




Conflict zones are zones where different traffic flows cross or zones that are also used by 
other traffic participants. 

Does a conflict zone exist? 



ONo 


< Back 

Next > 


Cancel 


Ch:22 street Lighting 341 


Power System Distribution 








Eng. Abd Elmonem Shaban 









< Back 

1 Finish | | 

Cancel 

i 







)LALux Street Light Wizard 



b^-1 

Valuation Field 

Select a valuation field for the optimisation. 



-38 

n 


The following valuation fields are available as basis for the optimisation: 


| Relevant area for all elements {ME2) 


The possible targets for the optimisation are defined by means of the illumination dass of the valuation field. 

ilLaJt JLj\ illy!** o JA 


Parameter 

Threshold value 

J... Foundation 

0 Lm 

1.50 

. . (Luminance) 

[7] UO 

0.40 

(Luminance) 

fflul 

0.70 

(Luminance) 


10 

% (Luminance) 

m SR 

0.50 

(Illuminance) 


Select all parameters that have to be taken into account for the optimisation. 

Adapt the limit values of the illumination dass to the previously selected valuation field r if necessary. 


(Finish) *4^! jj 


< Bade 


Next > 


Cancel 
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DIALux Street Light Wizard 


Variable arrangement parameters 

Specify which parameters of the luminaire arrangement are allowed to vary at which intervals. Alternatively edit the values of the fixed 
parameters. 


Parameters that may be varied for the optimisation: 


Parameter 

Minimum Maximum Increment J... 

[21 Pole Distance 

10.000 50.000 1.000 m 

O Height 

m 

O Light overhang 

m 

EH Slope angle 

o 


Number of combinations to investigate: 41 


Fixed parameters for the optimisation 


S-IaC-V' Sxw*' 4_fl 

Pole Distance: 

20.000 

m Arrangement lype 

Height: j j*xl) pliujl 

8.000 

m Single row, bottom ▼ 

Light overhang: 

0.000 

m 

Indination: p |^| i^jlJ 

0 

o 

Distance Pole to Roadway: 

0.650 

m o Fixed distance 

jj^l X^xl\ Xu 

Boom Length: 0.000 

m Fixed Boom Length 



La.ffi.li 




< Back 


Next > 


Cancel 
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Protect moMgct 

General tWtemnfe plan Anangrwnt 
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OmiSBon; 
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a Protect 1 

a ^ Umrtar** Used 
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L a * [cd/m*] 

uo 

Ul 

T1 [%] 

SR 

1.6 

D.4 

0.7 

10 

0.6 

£ 1.5 

a 0.4 

£0.7 

£10 

£0.5 

S 

✓ 

■/ 

■f 

■/ 


ME2 * i.** 11 ! _i 1 Ai ^ (Jj'Vl ^uill 

< . ^ ^jh ^iai j T ^ ■ -'^ ^uin 

3 jUyi AIL.. . "'1 '1U' a A a -, 1 . W-, s, rijljj Jji ^ i* "' A^alile. 


AjlIIHII A-o^L*Jl jC-iZL& 3 jIj^II AJ 1 -^ tliLilialLa x-a i, iLu^Jl ^Jb (jjliaj j& Aila. 

(Not all lighting performance requirements are met.) 


L av [cd/m 2 ] 

UO 

Ul 

Tl [%] 

SR 

1.5 

0.3 

0 6 

12 

0.5 

£ 1.5 

£0.4 

£0.7 

£10 

£0.5 


X 

X 

X 
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[introduction 


Public interest in sport is booming. More and more people are both playing and watching 
sports, at all levels, for fun, for health and to win medals. Sport is giving pleasure to a 
growing number of people, and the possibilities are greatly enhanced by effective light- 
ing. As a result, a lot of people also play sport after work. 


Clubs that take part in local and regional 
competitions aim to win, and therefore 
want the best from their lighting installa- 
tion. High-quality lighting is also required 
for the recreational and practice pitches, 
which is where the players work hard to 
raise their performance level and where 
the stars of tomorrow are born. 

First and foremost, lighting serves to en- 
sure that form, colour, distance and move- 
ment can be judged easily by both contest- 
ants and spectators. Adequate lighting 
levels, good uniformity and freedom from 
glare are all significant factors here. 

Beside this, lighting also contributes sub- 
stantially to the comfort and wellbeing 
of players and spectators alike. In this 
respect, good colour rendering and a 
pleasant colour impression are two of the 
most valuable assets of a sports lighting 
installation. 

However, when new lighting installations 
(especially outdoor installations) are 
planned, special care must be taken to 
ensure that people who are not involved 
in the sports activities, e.g. local residents 


and drivers using nearby roads, are not ad- 
versely affected by the lighting installation. 

Indeed, there is a growing awareness of 
the effects of obtrusive light (also called 
light pollution) and how it should be con- 
trolled in order to balance the needs of 
both the users of the sports facilities and 
the people living in the surrounding area. 

Whatever the sport, whatever the level of 
competition, whatever the venue, you can 
rely on Philips’ impressive range of sports 
lighting solutions to provide the answer to 
all your needs. 

This guide includes various examples of 
lighting designs for recreational sports. 

There is more than one way to light a 
pitch, so this guide gives an overview of 
the standard schemes for recreational 
sports. This can serve as a basis to enable 
you to proceed with your sports lighting 
project. 


How is the guide structured ? 

For every sport there is : 

- Introduction and summary, followed by 

- Lighting design for each class of play. 
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[Lighting terms 
understanding 


for the 

of sports lightin 


Illuminance 

The lighting level or the quantity of light that 
falls on a surface is naturally a fundamental 
parameter. This is called “illuminance” and is 
measured in lux or lumens per square metre. 
For recreational sport it is the horizontal il- 
luminance that needs to be calculated. If there 
is TV coverage then vertical illuminance and/ 
or illuminance in the direction of the camera 
should be considered, but this falls outside 
the scope of this guide (consult the GAISF 
Guide to the artificial lighting of indoor and 
outdoor sports venues). 


Luminous efficacy 

The quantity of light generated per watt - or 
the luminous efficacy - is highly significant 
from the point of view of economy. 

It is measured in lumens per watt. 

In Philips sports floodlighting systems 
the luminous efficacy is between 
80 and IIOIm/W.B 

Colour rendering 

The true colour of an object is rendered by 
full daylight. The colour rendering of a lamp, 
expressed as an Ra index, measures how 
closely the colour of an object illuminated 
by the lamp approaches the true colour. 

Very good colour rendering is obtained 
with metal halide (MHN) and high-pressure 
iodine (HPI) lamps. 


Uniformity 

Variations in light and shade are a nuisance 
to both players and spectators. The uniform- 
ity of the illuminance, particularly in the 
horizontal plane, therefore requires careful 
attention. Uniformity is expressed as a ratio: 
either the lowest to the highest illuminance, 
or the lowest to the average illuminance. 


■ Lighting uniformity 

Poor uniform appearance 



Good uniform appearance 
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Measurement Grid 

This is a notional subdivision of the playing 
area into rectangles arranged in rows and 
columns. The size of the grid depends on 
the playing surface size. 

Colour temperature 

Lamp light creates different colour impres- 
sions, ranging from the cool of mercury to 
the warm of high-pressure sodium. This is 
the colour appearance, expressed as the 
correlated colour temperature (Tk) of the 
lamp. Colour temperatures range from a 
minimum of 2000 Kelvin (K) for recrea- 
tional and training purposes to a recom- 
mended 4000 K for competition. Colour 
TV demands a substantially higher colour 
temperature of 5500 K. The same colour 
temperature should be applied throughout 
the sports lighting installation. H 


Glare 

Glare is the sensation produced by 
luminance within the visual field that is 
considerably greater than the luminance 
to which the eyes are accustomed and 
therefore causes visual discomfort. 

For outdoor applications it is expressed as 
a Glare Rating (GR) in the range 0-100. 

For indoor applications there are currently 
no specific recommendations (see GAISF 
guide for further information). 

Accurate measurement of glare is a con- 
troversial issue and, although there are 
official methods for calculating glare for 
outdoor sports, it is recommended that a 
‘common-sense’ approach is taken to the 
positioning of luminaires. 

Luminous flux 

Floodlighting requires lamps that generate 
large quantities of light. The actual quan- 
tity of light is known as the luminous flux 
and is measured in lumens. 


Obtrusive light 

In urban areas artificial lighting should 
meet everybody’s needs in terms of pleas- 
ure, safety and productivity. However, for 
players, pedestrians and residents to be 
able to go about their business without 
disturbing each other, floodlighting must 
be specially designed to ensure everyone’s 
rights and needs are respected. 

Good artificial lighting should prevent 
uncontrolled stray light and light spillage 
beyond the boundaries of the sports field 
so that it does not affect the people who 
live in the vicinity. 


■ Obtrusive light. 
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requirements 


Recommendations and regula- 
tions for high-quality sports 
lighting have been laid down in 
the European standard for sports 
lighting, EN 12193. This standard 
is often used as a basis outside 
Europe as well. It sets out the 
minimum lighting requirements 
for individual sports and defines 
other lighting factors such as col- 
our rendering, glare limitation and 
the reference areas used to define 
standard requirements. All data 
in this guide has been taken from 
this European standard and from 
the GAISF Guide to the artificial 
lighting of indoor and outdoor 
sport venues. 


In general, five levels of sporting activity 
are recognised: international and national, 
regional, local, training and recreational. 
These levels do not all require the same 
quality of lighting. 

To cover all five activity levels easily, three 
lighting classes are defined: 

Class I: top-level competition, e.g. national 
and international matches, which generally 
involve large spectator capacities with po- 
tentially long viewing distances. Top-level 
training may also be included in this class. 


Class II: mid-level competition, e.g. region- 
al or local club matches, which generally 
involve medium-size spectator capacities 
with medium viewing distances. High-level 
training may also be included in this class. 

Class III: Low-level competition, e.g. local 
or small matches, which do not usually 
involve spectators. General training and 
recreation also come into this class. 


Level of competition 

Class 

III 

II 

1 

International/National 



• 

Regional 


• 

• 

Local 

• 

• 

• 

Training 

• 

• 


Recreational 

• 




■ The specialised guides for the following sports associations should also be consulted: FIBA (basketball), ITF (tennis), FIFA (football) and FIH (hockey) and 
IAAF (athletics). 
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[Selection 
of floodlights 


A selection of Philips luminaires 
for standard schemes is shown 
here. 


Asymmetrical luminaires are often used 
in recreational sports in order to prevent 
obtrusive light and glare. 

The different projectors used in this 
application guide for recreational sports 
lighting are shown here. Lamps with good 
colour rendering have been included, but 
for very low-budget projects sodium lamps 
can be used as an alternative, although 
they only offer a low performance in 
terms of colour rendering. 




■ OptiFlood (MVP506) with HPI T lamp 


Optivision (MVP507) with MHN lamp 



■ SuperOmni (TCH, FCH) with TL5 
and PL lamp 
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[M ultipurpose sports halls 


As different sports will be carried out under the same 
lighting conditions it is important that the layout is 
geared to suit the event that has the highest priority, 
provided the other sports are catered for adequately. 
Careful aiming and shielding can help to reduce the glare 
for players. 

Sports halls should, in general, have light-coloured walls and ceilings 
and the floors should not be too dark. 

In addition to light distribution and efficiency, the physical robustness 
of the luminaires has to be considered. Balls or other flying objects 
must not damage the luminaires. 



Two lighting solutions are shown for multipurpose sports halls. 

If the hall has a height of more than 8 or 10 metres, metal-halide will 
offer the most efficient solution. Fluorescent is more suitable for use 
at lower levels. 


[ Low-wattage metal-halide lamps 


Summary 


Activity Class 

Class III 

Class II 

Class 1 


Philips Optiflood 

Philips Optiflood 

Philips Optiflood 

Type of luminaires 

MVP506 A/59 

MVP506 A/59 

MVP506 A/59 


IxHPI TP250W SGR/640 

IxHPI TP400W SGR/640 

IxHPI TP400W SGR/640 

Quantity of luminaires 

14 

26 

34 

Illuminance (lux) 

204 >200* 

570 >500* 

758 >750* 

Uniformity (E /E ) 

0.52 >0.5* 

0.76 >0.7* 

0.72 >0.7* 

Colour rendering 

65 >20* 

65 >60* 

65 >60* 

Total power (kW) 

5 

12 

16 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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X(m) 


[Sports hall 

40x20m. Class III >200 lux 


Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 

IxHPI TP250W SGR/640 

Quantity of luminaires 

14 

Illuminance (lux) 

204 

Uniformity (E /E ) 

7 v min ave 7 

0.52 

Colour rendering 

65 

Total power (kW) 

5 
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Characteristics 


Type of luminaires 

Philips Optiflood 
MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

26 

Illuminance (lux) 

570 

Uniformity (E /E ) 

7 v min ave 7 

0.76 

Colour rendering 

65 

Total power (kW) 

12 
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X(m) 


[Sports hall 

40x20m. Class I >750 lux 



Characteristics 


Type of luminaires 

Philips Optiflood 
MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

34 

Illuminance (lux) 

758 

Uniformity (E /E ) 

7 v min ave 7 

0.72 

Colour rendering 

65 

Total power (kW) 

16 
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tipurpose sports halls 


^Tubular fluorescent lamps 



Summary 


Activity Class 

Class III 

Class II 

Class 1 

Type of luminaires 

Philips SuperOmni 
TCH48 1/349 M2-A 
3xTL5-49W/830 

Philips SuperOmni 
TCH48I/380 M2 
3xTL5-80W/830 

Philips SuperOmni 
FCH48I/480 M2 
4xPL-L80W/830 

TCH48I/349 M2 
3xTL5-49W/830 

Quantity of luminaires 

36 

63 

84 

Illuminance (lux) 

206 >200* 

511 >500* 

770 >750* 

Uniformity (E /E ) 

0.74 >0.5* 

0.71 >0.7* 

0.70 >0.7* 

Colour rendering 

80 >20* 

80 >60* 

80 >60* 

Total power (kW) 

6 

17 

29 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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X(m) 


[Sports hall 

40x20 m. Class III >200 lux 



Characteristics 


Type of luminaires 

Philips SuperOmni 
TCH48 1/349 M2-A 
3xTL5-49W/830 

TCH48I/349 M2 
3xTL5-49W/830 

Quantity of luminaires 

36 

Illuminance (lux) 

206 

Uniformity (E /E ) 

7 v min ave 7 

0.74 

Colour rendering 

80 

Total power (kW) 

6 
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Characteristics 


Type of luminaires 

Philips SuperOmni 
TCH48I/380 M2 
3xTL5-80W/830 

Quantity of luminaires 

63 

Illuminance (lux) 

511 

Uniformity (E /E ) 

7 v min ave 7 

0.71 

Colour rendering 

80 

Total power (kW) 

17 



450 550 
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X(m) 


[Sports hall 

40x20m. Class I >750 lux 



Characteristics 


Type of luminaires 

Philips SuperOmni 
FCH48 1/480 M2 
4xPL-L80W/830 

Quantity of luminaires 

84 

Illuminance (lux) 

770 

Uniformity (E /E ) 

7 v min ave 7 

0.70 

Colour rendering 

80 

Total power (kW) 

29 
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[Outdoor Basketball 


Players must be able to follow the movement of the ball 
and the other competitors. Most basketball courts are 
marked out on a multipurpose playing surface, which may 
also be marked out for other playing facilities. The gen- 
eral level of illumination must enable players to see the 
court markings at a glance. 

An acceptable lighting installation can be provided by luminaires 
mounted on poles 7 metres above ground level and spaced in such 
a way as to conform to the uniformity requirements. 



Summary 


Activity Class 

Class III 

Class II 

Class 1 


Philips Optiflood 

Philips Optiflood 

Philips Optiflood 

Type of luminaires 

MVP506 A/59 

MVP506 A/59 

MVP506 A/59 


IxHPI TP400W SGR/640 

IxHPI TP400W SGR/640 

IxHPI TP400W SGR/640 

Quantity of luminaires 

4 

8 

20 

Illuminance (lux) 

139 >75* 

241 >200* 

586 >500* 

Uniformity (E /E ) 

0.63 >0.6* 

0.71 >0.6* 

0.73 >0.7* 

Colour rendering 

65 >20* 

65 >60* 

65 >60* 

Glare rating 

30 <55* 

31 <50* 

33 <50* 

Total power (kW) 

2 

4 

10 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Basketball 

15x28m. Class III >75 lux 



Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

4 

Illuminance (lux) 

139 

Uniformity (E /E ) 

7 v min ave 7 

0.63 

Colour rendering 

65 

Glare rating 

30 

Total power (kW) 

2 






■ Surface illuminance 
(in lux) at z=0 
of a Class III 
basketball court 
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[Basketball 

15x28m. Class II >200 lux 


Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

8 

Illuminance (lux) 

241 

Uniformity (E /E ) 

7 v min ave 7 

0.71 

Colour rendering 

65 

Glare rating 

31 

Total power (kW) 

4 
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[Basketball 

15x28m. Class I >500 lux 


Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

20 

Illuminance (lux) 

586 

Uniformity (E /E ) 

7 v min ave 7 

0.73 

Colour rendering 

65 

Glare rating 

33 

Total power (kW) 

10 
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[Outdoor Tennis 


Lighting should provide uniform illumination over the 
playing area for players and spectators. This includes the 
court lines and the ball, which must also be clearly vis- 
ible. In addition to adequate illumination over the court, 
there should also be sufficient light above the player’s 
head height. This will ensure that a high ball can be seen. 

As players are within the illuminated areas and need to look in vir- 
tually all directions, a limited amount of disability glare may have to 
be accepted if the ball is to be illuminated when in flight. 

The preferred system is to use luminaires mounted parallel to the 
sidelines and outside the court area. The illumination is thus directed 
inwards onto the playing area. Luminaires may have to be fitted with 
louvers to control glare. A compromise has to be reached between 
the mounting height and the acceptable glare for the competitors 
and spectators. 



Multiple adjacent courts can be lit without masts/poles in between 
the courts provided there is adequate separation between the 
courts (minimum of 3 m). 



court 


Summary 


Activity Class 

Class III 

Class II 

Class 1 


Philips Optiflood 

Philips Optiflood 

Philips Optiflood 

Type of luminaires 

MVP506 A/59 

MVP506 A/59 

MVP506 A/59 


IxHPI TP400W SGR/640 

IxHPI TP400W SGR/640 

IxHPI TP400W SGR/640 

Quantity of luminaires 

8 

12 

20 

Illuminance (lux) 

203 >200* 

307 >300* 

542 >500* 

Uniformity (E /E ) 

7 x min ave 7 

0.62 >0.6* 

0.70 >0.7* 

0.72 >0.7* 

Colour rendering 

65 >20* 

65 >60* 

65 >60* 

Glare rating 

32 <50* 

32 <50* 

32 <50* 

Total power (kW) 

4 

6 

10 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Tennis, single court 

18x36m. Class III >200 lux 



Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

8 

Illuminance (lux) 

203 

Uniformity (E /E ) 

7 v min ave 7 

0.62 

Colour rendering 

65 

Glare rating 

32 

Total power (kW) 

4 
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Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

12 

Illuminance (lux) 

307 

Uniformity (E /E ) 

7 v min ave 7 

0.70 

Colour rendering 

65 

Glare rating 

32 

Total power (kW) 

6 
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[Tennis, single court 

1 8x36m. Class I > 500 lux 



Characteristics 


Type of luminaires 

Philips Optiflood MVP506 A/59 
IxHPI TP400W SGR/640 

Quantity of luminaires 

20 

Illuminance (lux) 

542 

Uniformity (E /E ) 

7 v min ave 7 

0.72 

Colour rendering 

65 

Glare rating 

32 

Total power (kW) 

10 



4 
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[Outdoor Tennis 


^Twin court 


Summary 


Activity Class 

Class III 

Class II 

Class 1 


Philips Optivision 

Philips Optivision 

Philips Optivision 

Type of luminaires 

MVP507 WB 

MVP507 WB 

MVP507 WB 


IxMHN LAI000W/842 

IxMHN LAI000W/842 

IxMHN LAI000W/842 

Quantity of luminaires 

8 

12 

20 

Illuminance (lux) 

215 >200* 

338 >300* 

541 >500* 

Uniformity (E /E ) 

0.76 >0.6* 

0.74 >0.7* 

0.71 >0.7* 

Colour rendering 

85 >20* 

85 >60* 

85 >60* 

Glare rating 

38 <55* 

39 <50* 

36 <50* 

Total power (kW) 

9 

13 

22 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Tennis , twin court 

36,5x36m. Class III >200 lux 



Characteristics 


Type of luminaires 

Philips Optivision MVP507 WB 
IxMHN LAI000W/842 

Quantity of luminaires 

8 

Illuminance (lux) 

215 

Uniformity (E /E ) 

7 v min ave 7 

0.76 

Colour rendering 

85 

Glare rating 

38 

Total power (kW) 

9 






Characteristics 


Type of luminaires 

Philips Optivision MVP507 WB 
IxMHN LAI000W/842 

Quantity of luminaires 

12 

Illuminance (lux) 

338 

Uniformity (E /E ) 

7 v min ave 7 

0.74 

Colour rendering 

85 

Glare rating 

39 

Total power (kW) 

13 
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Y(m) 


[Tennis , twin court 

36,5x36m. Class I >500 lux 



Characteristics 


Type of luminaires 

Philips Optivision MVP507 WB 
IxMHN LAI000W/842 

Quantity of luminaires 

20 

Illuminance (lux) 

541 

Uniformity (E /E ) 

7 v min ave 7 

0.71 

Colour rendering 

85 

Glare rating 

36 

Total power (kW) 

22 




■ Surface illuminance 
(in lux) at z=0 
of a Class I 
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[Outdoor Tennis 



Summary 


Activity Class 

Class III 

Class II 

Class 1 

Type of luminaires 

Philips Optivision 
MVP507 NB 

IxMHN LA2000W/842 (x4) 

Philips Optivision 
MVP507 NB 
IxMHN LA2000W/842 

Philips Optivision 
MVP507 NB 
IxMHN LA2000W/842 

MVP507 WB/60 
IxHPI T 1 000W/220V/643 (x4) 

Quantity of luminaires 

8 

8 

12 

Illuminance at centre of court (lux) 

248 >200* 

353 >300* 

545 >500* 

Uniformity at centre of court (E /E ) 

0.74 >0.6* 

0.86 >0.7* 

0.71 >0.7* 

Illuminance surrounding courts (lux) 

215 >200* 

310 >300* 

508 >500* 

Uniformity surrounding courts (E /E ) 

0.70 >0.6* 

0.72 >0.7* 

0.71 >0.7* 

Colour rendering 

70 >20* 

85 >60* 

85 >60* 

Glare rating 

38 <55* 

28 <50* 

33 <50* 

Total power (kW) 

13 

17 

25 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Tennis, triple court 

55x36m. Class III >200 lux 



Characteristics 



Philips Optivision MVP507 NB 

Type of luminaires 

IxMHN LA2000W/842(x4) 

MVP507 WB/60 


IxHPI T 1 000W/220V/643 (x4) 

Quantity of luminaires 

8 

Illuminance at centre of court (lux) 

248 

Uniformity at centre of court ( E . / E ) 

7 x min ave 7 

0.74 

Illuminance surrounding courts (lux) 

215 

Uniformity surrounding courts (E . / E ) 

0.70 

Colour rendering 

70 

Glare rating 

38 

Total power (kW) 

13 
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[Tennis, triple court 

55x36m. Class II >300 lux 



Characteristics 


Type of luminaires 

Philips Optivision MVP507 NB 

IxMHN LA2000W/842 

Quantity of luminaires 

8 

Illuminance at centre of court (lux) 

353 

Uniformity at centre of court ( E . / E ) 

7 v min ave 7 

0.86 

Illuminance surrounding courts (lux) 

310 

Uniformity surrounding courts (E . / E ) 

0.72 

Colour rendering 

85 

Glare rating 

28 

Total power (kW) 

17 
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Y (m) 


[Tennis, triple court 

55x36m. Class I >500 lux 



Characteristics 


Type of luminaires 

Philips Optivision MVP507 NB 

IxMHN LA2000W/842 

Quantity of luminaires 

12 

Illuminance at centre of court (lux) 

545 

Uniformity at centre of court ( E . / E ) 

0.71 

Illuminance surrounding courts (lux) 

508 

Uniformity surrounding courts (E mjn /E ave ) 

0.71 

Colour rendering 

85 

Glare rating 

33 

Total power (kW) 

25 
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■ Surface illuminance 
(in lux) at z=0 
of a Class I 
triple tennis court 
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[Footba 


Lighting also plays a key role in recreational, 
non-televised football matches. 

Because recreational football is usually played in the evening after 
work, effective lighting maximizes the opportunity for people to take 
part in the game. Although the lighting level will obviously be lower 
than for televised games, the lighting quality should remain high in 
terms of uniformity, visual comfort and limitation of obtrusive light, 
especially in residential areas where leisure sports facilities are often 
located. 



These types of facilities will usually be stand-alone, in residential 
areas, with little or no spectator capacity. The lighting for non-te- 
levised events should be planned so that the horizontal surface of the 
pitch can be illuminated uniformly regardless of the mast arrange- 
ment chosen. 


Corner towers must be positioned outside the normal direction of 
view for players with regard to their alignment with both goal lines 
and touchlines. 


Summary 


Activity Class 

Class III 

Class II 

Class 1 

Type of luminaires 

Philips Optivision 
MVP507 MB/60 

IxMHN LA2000W/400V/842(x4) 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

MVP507 NB/60 

IxMHN LA2000W/400V/842(x4) 

Quantity of luminaires 

8 

18 

42 

Illuminance (lux) 

99 >75* 

226 >200* 

506 >500* 

Uniformity (E /E ) 

0.60 >0.5* 

0.61 >0.6* 

0.71 >0.7* 

Colour rendering 

85 >20* 

85 >60* 

85 >60* 

Glare rating 

41 <55* 

42 <50* 

47 <50* 

Total power (kW) 

17 

38 

89 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Football 

70x105m. Class III >75 lux 



Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 MB/60 

IxMHN LA2000W/400V/842(x4) 

MVP507 NB/60 

IxMHN LA2000W/400V/842(x4) 

Quantity of luminaires 

8 

Illuminance (lux) 

99 

Uniformity (E /E ) 

0.60 

Colour rendering 

85 

Glare rating 

41 

Total power (kW) 

17 
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[Football 

70x105m. Class II >200 lux 


Characteristics 


Type of luminaires 

Philips Optivision MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

18 

Illuminance (lux) 

226 

Uniformity (E /E ) 

7 v min ave 7 

0.61 

Colour rendering 

85 

Glare rating 

43 

Total power (kW) 

38 
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Y(m) 


[Football 

70x105m. Class I >500 lux 



Characteristics 


Type of luminaires 

Philips Optivision MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

42 

Illuminance (lux) 

506 

Uniformity (E /E ) 

7 v min ave 7 

0.71 

Colour rendering 

85 

Glare rating 

47 

Total power (kW) 

89 
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[Hockey 


For non-competitive activities the recommended mount- 
ing height is 16 m. A mounting height of at least 18 m is 
required for club competitions and ball training to avoid 
glare. 

To avoid disturbing shadows for the goalkeeper, a minimum 
of 6 or 8 masts are required. The masts at the corner on the diago- 
nal of the area behind the goal line guarantee good illumination for 
the goalkeeper for corner shots. 



Summary 


Activity Class 

Class III 

Class II 

Class 1 

Type of luminaires 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

20 

32 

44 

Illuminance (lux) 

344 >300* 

532 >500* 

772 >750* 

Uniformity (E /E ) 

0,76 >0.7* 

0.72 >0.7* 

0.71 >0.7* 

Colour rendering 

85 >20* 

85 >60* 

85 >60* 

Glare rating 

42 <55* 

38 <50* 

40 <50* 

Total power (kW) 

43 

68 

94 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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[Hockey 

55x91 m. Class III >300 lux 



Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

20 

Illuminance (lux) 

344 

Uniformity (E /E ) 

7 v min ave 7 

0.76 

Colour rendering 

85 

Glare rating 

42 

Total power (kW) 

43 
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[Hockey 

55x9 1 m. Class II >500 lux 


Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

32 

Illuminance (lux) 

532 

Uniformity (E /E ) 

7 v min ave 7 

0.72 

Colour rendering 

85 

Glare rating 

38 

Total power (kW) 

68 
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[Hockey 

55x9 1 m. Class I >750 lux 



Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 MB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

44 

Illuminance (lux) 

772 

Uniformity (E /E ) 

7 v min ave 7 

0.71 

Colour rendering 

85 

Glare rating 

40 

Total power (kW) 

94 
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[Cricket 


A cricket field is generally circular or oval in shape. 

None of the standards define a recommended size. 
However, most cricket stadiums have field areas ranging 
from a 65 m to a 70 m radius. 

In most cases arrangements with between 4 and 6 masts are 
preferred, with the height being calculated in the same way as for 
football and hockey, although 5 or 6 masts are preferred to help 
light the outfield effectively. For economic reasons and due to site 
constraints, a 4-mast system is often used for recreational cricket 
grounds. In such cases, mast heights are considerably higher so as 
to limit the aiming angle to less than 70 degrees in order to limit the 
effects of glare. 

The location of the masts should be chosen carefully so as not to 
cast any disturbing shadows on the field during day-time matches. It 
is therefore preferable to have more vertically aligned head frames 
than horizontal ones. Under no circumstances should masts be loca- 
ted along the field axis. 



Summary 


Activity Class 

Class III 

Class II 

Class 1 

Type of luminaires 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

28 

56 

72 

Wicket illuminance (lux) 

305 >300* 

505 >500* 

754 >750* 

Outfield illuminance (lux) 

209 >200* 

385 >300* 

504 >500* 

Wicket uniformity (E . /E ) 

0.96 >0.7* 

0.99 >0.7* 

0.98 >0.7* 

Outfield uniformity (E /E ) 

7 v min ave 7 

0.32 >0.3* 

0.50 >0.5* 

0.50 >0.5* 

Colour rendering 

85 >20* 

85 >60* 

85 >60* 

Glare rating 

36 <55* 

38 <50* 

38 <50* 

Total power (kW) 

60 

119 

153 


■ all calculations include maintenance factor of 0.8 - *CEN recommendations 
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X(m) 


[Cricket 

circle of 70 m radius. 
Class III >200 lux 



Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

28 

Wicket illuminance (lux) 

305 

Outfield illuminance (lux) 

209 

Wicket uniformity (E /E ) 

0.96 

Outfield uniformity (E /E ) 

0.32 

Colour rendering 

85 

Glare rating 

36 

Total power (kW) 

60 



content 


Application guide for non-televised and recreational sports 41 



[Cricket 

circle of 70 m radius. 
Class II >300 lux 


Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

56 

Wicket illuminance (lux) 

505 

Outfield illuminance (lux) 

385 

Wicket uniformity (E . /E ) 

0.99 

Outfield uniformity (E /E ) 

0.50 

Colour rendering 

85 

Glare rating 

38 

Total power (kW) 

119 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
-100 -80 -60 -40 -2D 0 20 4) 60 80 100 

Y(m) 



42 Application guide for non-televised and recreational sports 


content 






X(m) 


[Cricket 

circle of 70 m radius. 
Class I >500 lux 



Characteristics 


Type of luminaires 

Philips Optivision 
MVP507 NB/60 
IxMHN LA2000W/400V/842 

Quantity of luminaires 

72 

Wicket illuminance (lux) 

754 

Outfield illuminance (lux) 

504 

Wicket uniformity (E . /E ) 

0.98 

Outfield uniformity (E . / E ) 

0.50 

Colour rendering 

85 

Glare rating 

38 

Total power (kW) 

153 
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L-J^)i]lj J 3^-J ^9 Lai 4 ^-9 (jlj 4 ^.^ 45(1)^ l)^- 3 ^ A-Jjl^J 

^Jajuo 3>a ^iLa ^Jl (3^ C5^ d)^^ (jS^j9 (jJa^VI 

L_ajal£Jl C > 1>j tiU.il ^J^joj J£Ij C > 1 Udl ^^lill <Jjlill ^4 Jjl ^ J^ 3 ^ <^l &LlijVI L_L^J 

ijfi 9 AILgjULg (JjjL}3j ^j3j£JVI ^-Ic* 


4 L_lL^a]| (jLjJa9 (J£joj (J^Lj ^LLal 3 L>^ ^jl^L A^^Liilll ^1>^VI (jl 

3 ^. VI L_flLjaj ^ 3 ^- 1 ^Kj c4Sq^ ^j3li£JV! (j^fL (jl J^-^j 4 qj^c. ciAiLaua ^j^li^JVI £9^ ^JL^. ^9 

jlAl ^j^I^UjojI (jLajJal AjSj l\ Sj^a <L^aj ^Jajajl 


Diameter 

Length 

9.0 mm 

1 200 mm 

12.7 mm 

1 200 mm 

12.7 mm 

1 500 mm 

12.7 mm 

1 800 mm 

12.7 mm 

2400 mm 

14.2 mm 

1 200 mm 

14.2 mm 

1 500 mm 

14.2 mm 

1 800 mm 

14.2 mm 

2000 mm 

14.2 mm 

2100 mm 

14.2 mm 

2400 mm 

14.2 mm 

3000 mm 

17.2 mm 

1200 mm 

17.2 mm 

1 500 mm 

17.2 mm 

1 800 mm 

17.2 mm 

2000 mm 

17.2 mm 

2100 mm 

17.2 mm 

2400 mm 

17.2 mm 

3000 mm 



Ch24: Circuit Breaker 


400 


Power System Distribution 






Eng_abdelmonem shaban 


jj! _j^1! ja oJjA-aj ^)jJa^( ^^3 ^ja _jA 

(jjjj t3A_j Ajj^)^£]! ^ja AjC-^)i]l j 4 aa cllU. jll! (jjj 

jIjjU (J^aL^l! ^JaLa A^Lai-a £a miTI^ (jiaJ^Uiil (J a^ja ^JaLa A^Lai-a (jjj A3^l*J( 


Jj^a ^Wq^n 4^Laui 

(E) ^ <_4^j^' 

jUll (Jj^a ^laiLa <L^.Laba 

(R,S,T) V 

2mm 2 

2mm 2 

3mm 2 

3mm 2 

4mm 2 

4mm 2 

6mm 2 

6mm 2 

10mm 2 

1 0mm 2 

16mm 2 

1 6mm 2 

16mm 2 

25mm 2 

16mm 2 

35mm 2 

25mm 2 

50mm 2 

35mm 2 

70mm 2 

50mm 2 

95mm 2 

70mm 2 

120mm 2 

70mm 2 

150mm 2 

95mm 2 

185mm 2 

120mm 2 

240mm 2 

150mm 2 

300mm 2 
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^3 \ jIjj] A * >>a-v '<-« <2 j\ju& (_£ j j j ^£Uili A aq a A-iLaC- 4 _iLoC- ^)jjsu 

^Jc- ' £ ^ Lgjl U - ® ^S'4\ _jJiLa (_J£ (jjj i . ja ^ . >>^V' 
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I 4—0 J I SL-A (ji) 1 X. 9 • 

4^gjULo]| cdlj l^laJ (_ yaj^\ ^iajuJ 4 qVi-v ^ (JjLaC,| ^ic, ^alij (jl L > ^ J Aj^)Il]| <LajULa ^jjjLjl] 

Earthing Megger u^jVt ^ jUb o-ba j^a • 


jn /A V p «<t "t » ^1 .1^.1 jll (J ^la (jbjuiaa • 

Aj^a j <1 jJL^a dl!ibl£ 4_*_J jl • 



1 

O^O (7^ 

I — 0 







/ / / 

\ 

'//////: 

/ \ 

a 

////// 7 
/ \ 

a 

'//////, 
/ \ 

a 

y// 

/ 


Key 

1 Current source 
A Ammeter 
V Voltmeter 
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AjjbuiLa ~g < dllil—uLall J-kjIij ■ ■' * Ja_2L ^ b. ^a_uj 30 (Jj-aC- LS - ^ ^ 4 £9*^ lilb ^JJj 

jb jLiii' jia La& (Cl ,C2) <— «' J-laV' (^5-ic. jbjjJ^lV' 

cJJ* j'-6-=^' J^' cs* J^ 3 J^' (PI , P2) cs* J^ 3 ^ u'^ aui J^' 

_jl g b&f.l^)3 <_gb]l 4 _a jlLdll <j! _ (^jUjU-t - ,*lg -s'l a£^1*J! (_ja A^q jIsa]! ^ i'HMj ,*lg ^'1 (jjj 

(C^ (JjLudJ (JJAC. <_5"^ J (_^2ajV' ^^*“’ ‘ " '' a .' ^ b.,!j'i^\l 4 ajUia]1 

ibjjsswi yuJl „» = (A) (D=3/4 A) -:o'i 


;A^^bdl ^b^“'‘"ij ( jla.^jl) AjjjI) AaajIaa ^1 JlgyM Sfljfl Jjjaj bib Jau 


The formula is as follows: 


p = 2 n A R 


Where: p = the average soil resistivity to depth A in ohm - m 
n is the constant 3JA16 

A the distance between the electrodes in m 

R the measured resistance value in ohms from the test instrument 
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4-jjJLU Zj±j. JlJI £-o j L-Lo-JI • 


O-fji) 

(jla.fjl) 


0 


L Q 

♦♦ 

^ . 

X * - 0 

UJ-^ Cfc^ 3 

x . 

r. - > * 

Cfc^ 3 

0 % 

w . - r* 


> . * 

r. ♦ - r* 


r* * 

^ % % * — ^ % % 

CiJ^ J^ 3 - ‘ JpjL£ 

^JjLbG 

w * . 

r r* * 

Cij'j J j' U^ 3 

w . . 

— 


\ . . . 

) , , , < 

JJ 3 ^ 3 
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EARTHING SYSTEM CALCULATION 
ACCORDING TO BRITISH STANDARD (BS 7430) 


> Resistance of one vertical electrode is given by: 


R = 


P 

2ttL 


log e 



1 


Where:- 

R is the resistance of single rod or pipe, in ohms (O); 
L is the length of rod, in meter (m); 
d is the diameter of rod or pipe, in meters (m); 
p is the soil resistivity in ohm meter (Q.m). 


> Total Resistance for n rods in case of 

i. vertical parallel electrodes arranged hollow square 


Where: 



P 

a = 

2tt/?s 


R is the resistance of the rod in isolation, in O; 
S is the distance between adjacent rods, in m; 
p is the resistivity of soil, in O.m; 

X is a factor given in Table 4 or Table 5; 
n is the number of electrodes 
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Table 2 Factors for vertical electrodes arranged in a hollow square 


Number of electrodes (n) along the 
side of the square 

Factor l 

Number of electrodes (n) along the 
side of the square 

Factor / 

2 

2.71 

9 

7.65 

3 

4.51 

10 

7.90 

4 

5.46 

12 

8.22 

5 

6.14 

14 

8.67 

6 

6.63 

16 

8.95 

7 

7.03 

18 

9.22 

8 

7.30 

20 

9.40 


NOTE The number of electrodes around the square is 4(n - 1). 


ii. Vertical parallel electrodes arranged in a line 


Where: 



R is the resistance of the rod in isolation, in £2; 
S is the distance between adjacent rods, in m; 
p is the resistivity of soil, in £2.m; 

X is a factor given in Table 4 or Table 5; 
n is the number of electrodes 


Factors for vertical parallel electrodes arranged in a line 


Number of electrodes n 

Factor k 

Number of electrodes n 

Factor k 

2 

1.00 

7 

3.15 

3 

1.66 

8 

3.39 

4 

2.15 

9 

3.61 

5 

2.54 

10 

3.81 

6 

2.87 
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Hi. Three rods at the vertices of an equilateral triangle 
The resistance Re in ohms (Q) of three interconnected rods set out at the 
vertices of an equilateral triangle 




where: 


1 + 2 is 


p is the resistivity of soil, in ohm metres (Qm); 

L is the length of rod, in metres (m); 

d is the diameter of rod, in metres (m); 

s is the length of one side of the equilateral triangle, in metres (m). 


: (j-SLo-JL-9 «4_ ) j-LIa- 0 — 1 1 I +-o j I § (jJbt-JL-j' ft— 1 I 3 I 


( L J (X 

2 cJ^ cJ^. (jl Sijj 

Aj ull ajjLloj£JI ( i 

■ * v ** ** ** * \ 
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(illj (jLajj A^jLuJt Jjjlailj A-ajlAall ^ lJl 4_uLt4j£i| A aJU -i 

AaJU-« S jUj ^L»j ^wi 30 (J^JJ JjjjSWI <> 10 J»j J& jAa. J^c- Jjjjla 0^ 

([^Ulai! ^L»] t ,j^laa]| CjUujj* t fjiuuLalt CjUujjS) AjjjII 

jl j£ <U]fr j«ajj AjjjI) jaujIA f Ldb bjA&- uaj dj^» JjSf ^Xdl 

.j^V! vlki |j| ^Ut Sjbjl 

. r 30 45 tJiiill ^kbll jtai Ju V ipj f%l) M 

UijyflSj ijjUill Jljjl jjj jwLa jLiil b3U& jjSj V' U*Jj t U jSi jiUll ^UaJ&ll ^IjaIIj jiill l)ub bUlj 
J ^3 jjSj l^tjJa j JjJaSj ^j]I Aj^JI j t Lilbaflll 4lb il«fl]l ja AJiiL jjjSj ^5 uJibij V jiaJjUll 

jaIwjj 44^ 4^ ^4sj£ ^ i> 40 Jjl8 

Jt ^Uj yja ,Uib j*Vl ipb yi j^ajjtsll JJJ jAt ^Jj jil ftj* Ifjuij jjSj p jiuw Altl Ajx^I 

AjLaJI i.kj aLill 4 j 51£ jLkn]l ilu jli bllj AxJ U Aj jjll AjjLu£ 1I jl will u jwJ 

(* 14 * f *+ * V ^ W,i * * V (*♦*(* J * 7 


Selection of an Earthing conductor 

i \t 

s = — 

k 

i 
T 
K 


Where: 

is the average fault current, in A (r.m.s) 

is the fault current duration, in low voltage take 0.1 sec. 

2 

is the current density, in A/ mm 
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Table 5 Earth fault current densities for 1 s duration for earthing conductors with initial conductor 
temperature of 30 °C 


Type of joint' 1 - 1 

Maximum U 

temperature 151 

"Cs 

R.M.5. current density, it 

Welded Brazed Bolted Soft 

soldered 

Copper Aluminium Steel 

0391 A/mm J A/mm 1 

/ 

700 

254 - 91 

/ 

600 

252 - 87 

/ 

500 

228 - 82 

/ / 

450 

220 - 79 

/ / 

400 

211 - 76 

/ / 

350 

201 - 73 

/ / 

300 

190 125 D> 69 

/ / / 

250 

176 116 64 

/ / / 

200 e 

159 105 58 

/ / / / 

150 F! 

138 91 50 

/ / / / 

100 

— 


(jd— )_) IT 1 1 0 ^ J, T SL J I *4-0 j I A 0 pi) I * £ 

(_]£ CIiLujIjS i^joC- y ^ ; La£ AjuJaj ^ajULa 

a^-ui j J 4_^jULa ^jjuLja] A aVi-v ^ Jj^ja jJ j 4_« jULall i^lL <Loj 3 ^Ic. 

(fall of potential ) ^ ^Ijj ^ 3 


uj ^ ^ JJ (»JJ (PI) £* (Cl) j^' ‘-a J*- 3 

Aic* ^Lall 

i ^- ^ 60 30 CH (J- 3 jVI ^ (C2) J^l <-i » J^ 3 J*- 3 ^ 

AiLaUi 

A^IjolA ^juj 60 ^ Juj 30 (l) 1 ^ ^3 ^SAj AC-ijui^ (P2) Ag.^klt -V 

jI jJI C5 I*^aVI jjjj (C2) dyj AiLuLAll <>» ( 61.8 %)J 

_4-«jUL 2I 4_<u3 ij jlg_aJl aIjj - £ 
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